c    s"/.i7/<  3  .■??//? 


Tech  Notes 


APRIL    1991 


PB91-925904 


PENNSYLVANIA  STATE 
UNIVERSITY 

APR  19 1991 

■ 

"■ 

DOCUMENTS  COLLECTION 

::. 

■ 

Technology  fact  sheets  from  Federal  laboratories 


U.S.  DEPARTMENT  OF  COMMERCE 

National  Technical  Information  Service 

Center  for  the  Utilization  of  Federal  Technology 


NOW!  Work  Directly  with 
Government  Labs 


A  Now  Directory  to  Expertise, 
Facilities,  and  Services 

The  4th  edition  of  this  valuable  directory  guides  you  to 
hundreds  of  Federal  agencies,  laboratories,  and  engineer 
ing  centers  willing  to  share  their  expertise  and  equip- 
ment— and  sometimes  even  their  facilities — to  aid  in 
your  research.  Detailed  summaries  of  more  than  1,100 
unique  resources  are  arranged  in  32  subject  areas  for 
easy  reference 

Manufacturing 
Materials 
Medicine 
Nuclear 
Ocean  sciences 
Physical  sciences 
Transportation 
Plus  others 


Aeronautics 

Agriculture  and  food 

Biological  sciences 

Building  technology 

Computers 

Elect  rotechnology 

Energy 

Engineering 


The  name,  address,  and  phone  number  of  a  personal 
contact  is  listed  for  each  entry,  along  with  the  de- 
scriptive summary. 

Descriptions  of  90  Technical  Information  Centers  are  in- 
cluded 

These  centers  offer  information  services  and  expertise  in  areas  such  as  fuels, 
cold  regions,  concrete,  fisheries,  toxicology,  pesticides,  plastics,  and  much  more 

Four  handy  indexes  make  it  easy  for  you  to 
locate  the  resource  you  need: 

•  A  Subject  Index  lets  you  look  up  your  need 
by  specific  topic. 

•  The  State  Index  arranges  all  the  resources 
within  a  state. 

°   The  Resource  Name  Index  provides  a 

quick  reference  if  you  already  have  a  name 

of  a  specific  Federal  laboratory  or  service. 
o   An  Agency  Index  provides  a  listing  of  all 

the  resources  by  Government  agency. 


"The  Directory  will  be  popular  in  research  or 
business  libraries." 

Reference  Book  Bulletin 
American  Libraries  Association 


Order  your  directory  today. 

Call  the  NTIS  sales  desk  at  (703)  487-4650.  Refer  to  the 
NTIS  order  number,  PB90-1 04480 AAW,  price  $59.95 
plus  $3.00  for  handling. 

1990-91  Directory  of  Federal  Laboratory  &  Technology 
Resources — A  Guide  to  Services,  Facilities,  and  Expertise 


"This  directory  is  unusually  well-indexed.. ..It 
should  be  on  the  shelf  of  every  Chamber  of 
Commerce  end  economic  development  or- 
ganization in  the  nation." 

Mr.  Brian  McLaughlin 

Information  Services  and  Research 

Syracuse,  NY 
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route  to   others   in   their  organization 


< 


Sources  of 

Further  Backup 

Information 


Below  are  two  representative  examples  of 
how  each  Tech  Note  fact  sheet  provides 
you  with  a  source  of  further  information.  In 
most  cases,  this  information  is  provided 
directly  by  the  agency  or  its  laboratory. 


However,  there  are  cases  where  NTIS  is 
the  source  for  backup  documentation.  In 
these  cases,  use  the  order  form  at  the 
end. 


Examples: 

significant  distance  from  the  endwalls.  Therefore,  a 
radial  variation  in  efficiency  should  be  used  when 
designing  small  stators. 

Project  Officer  Jeffrey  E.  Haas - 

(216)433-4000. 

FOR    ADDITIONAL    INFORMATION 

You  can  learn  more  about  this  technology  by  ordering 
the  NTIS  report(s): 

Cold-Air  Performance  of  Compressor  Drive 

Turbine 

Order  number:  AD-A101066/NAA 

Price  code:  A02 

Order  from: 

National  Technical  Information  Service 

5285  Port  Royal  Road 

Springfield,  VA  221 61 

(703)  487-4650 
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■Agency  contact  who  can 
supplement  the  information 
contained  in  the  backup 
report. 


NTIS  Order  Number* 
NTIS  Price  Code* 


*  See  the  order  form  and 
price  code  table  at  the  end 
of  the  issue. 


Suggested  applications  include  other  kinds  of 
refrigerators,  heat  engines,  thermal 
instrumentation,  and  heat  switches. 
This  work  was  done  by  Emanuel  Tward  of  Caltech 
for  NASA's  Jet  Propulsion  Laboratory. 
NPO-15479/TN "" " 

FOR    ADDITIONAL    INFORMATION 

Contact:  Director,  Technology  Transfer 
Division,  P.O.  Box  8587,  BWI  Airport,  MD 
21240:  (301)  621-0100  Ext.241. 
REFER  TO  THE  NUMBER  LISTED  AT  THE 
END  OF  THE  ARTICLE 
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Agriculture  &  Food 

0293  Light  Energy  Measures  Fruit  Ripeness 

Software 

0294  Model  Predicts  Insect  Populations 

0295  Slow  Release  Herbicides  for  Vineyards 

Software 

0296  Cattle  Management  Microcomputer  Model  for 
Ranchers 

Other  Items  of  Interest 

0351      Aerial  Videos  for  Agriculture  Remote  Sensing 

Computers 

0297  Fuzzy  Logic  Decision  Support  Tool  Developed 

0298  High  Speed  Serial  Optical  Crossbar  Switch  (Licens- 
ing Opportunity) 

Software 

0299  Window  Utility  System  Program — This  program 
provides  pull-down  menus  and  multiple  window 
displays  at  minimal  cost. 

0300  XTRN  -  Automatic  Code  Generator  for  C  Header 
Files — This  program  generates  'extern'  declarations 
for  all  globally  visible  identifiers. 

Other  Items  of  Interest 

0304     High-Speed  Serial  Data  Synchronization  Scheme 
Developed 

0310     Fast  Feature-Recognizing  Optoelectronic  System — 
Images  would  be  classified  rapidly  from  parallel 
readouts  of  signature  vectors.  (Licensing  Opportu- 
nity) 

Electrotechnology 

0301  Photoconductive  Semiconductor  Switch  is  Fast, 
Powerful 

0302  Dielectric  Properties  Characterized 

0303  Fiber  Optic  Transversal  Filter  for  Wideband  RF 
Signal  Processing  (Licensing  Opportunity) 

0304  High-Speed  Serial  Data  Synchronization  Scheme 
Developed 

0305  Method  for  Fabricating  Ohmic  Contacts  on  Semicon- 
ducting Diamond  (Licensing  Opportunity) 

0306  Magnetic  Amplifier  Switch  for  Automatic  Tuning  of 
VLF  Transmitting  Antenna 

0307  Non-Contacting  Printed  Circuit  Waveguide  Elements 
Developed 


0308  Poly  Phase  Transformer  for  Minimizing  Line  Harmon- 
ics (Licensing  Opportunity) 

0309  Interleaving  Would  Enhance  Trellis-Coded  Modula- 
tion— Errors  caused  by  imperfect  carrier  demodula- 
tion references  would  be  reduced. 

0310  Fast  Feature-Recognizing  Optoelectronic  System — 
Images  would  be  classified  rapidly  from  parallel 
readouts  of  signature  vectors.  (Licensing  Opportu- 
nity) 

031 1  Preventing  Simultaneous  Conducting  in  Switching 
Transistors — High  voltage  spikes  and  electromag- 
netic interference  are  suppressed. 

0312  Rain-Blowing  Plenum  for  Antenna  Feed  Horn — 
Forced  air  is  partly  confined  for  maximum  effective- 
ness. (Licensing  Opportunity) 

0313  Segmented  Coil  Fails  in  Steps — Insulating  barriers 
prevent  propagation  of  failures. 

0314  State-Variable  Representations  for  Moving-Average 
Sampling — Observability  and  controllability  should  be 
enhanced. 

Testing  &  Instrumentation 

0315  KD(2)PO(4)  Polarization  Modulator  With  Large  Field 
of  View — Errors  previously  caused  by  convergence 
of  light  are  expected  to  be  eliminated.  (Licensing 
Opportunity) 

Other  Items  of  Interest 

0298  High  Speed  Serial  Optical  Crossbar  Switch  (Licens- 
ing Opportunity) 

Three-Zone  Programmable  Temperature  Controller 
— Heating  by  direct  current  assures  low  electrical 
noise.  (Licensing  Opportunity) 

Magnetostrictive  Sensors  and  Actuators 


0326 


0340 


Energy 

0316  New  Method  Stores  Solar  Energy  Under  Ground 

0317  Records  Set  in  Solar  Cell  Efficiency 

0318  'Smart'  SolarTrak  Tracker  Improves  Control  of  Solar 
Arrays 

0319  Making  Ultrathin  Solar  Cells — Thin,  efficient  cells  are 
fabricated  without  breakage  or  special  handling. 
(Licensing  Opportunity) 

Other  Items  of  Interest 

0354     Promising  New  Methane  Conversion  Process  Found 

Engineering 

0320  Firefighter  Respirators 

0321  Improved  Coal  Mine  Entry  Intersection  Stability 
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Engineering  (Cont.) 

0322  Improved  Boiler  Water  Treatment 

0323  Low-Thermal-Stress  Structural  Joints  for  Dissimilar 
Materials — Such  joints  accommodate  differential 

thermal  growth  between  parts  of  dissimilar  materials. 

0324  Preventing  Ventilation  on  Sailboard  Skegs — 
Significant  reductions  in  drag,  combined  with 
prevention  of  ventilation,  would  contribute  to  high 
performance.  (Licensing  Opportunity) 

0325  Measurements  of  Shock-Separated  Turbulent 
Boundary  Layers — Data  are  tabulated  to  facilitate 
comparison  with  other  measurements  and  computa- 
tions. 

0326  Three-Zone  Programmable  Temperature  Controller 
— Heating  by  direct  current  assures  low  electrical 
noise.  (Licensing  Opportunity) 

Software 

0327  Computer  Program  to  Calculate  Vertical  Stress 

0328  MULSIM/PC  -  A  Structural  Analysis  Numerical 
Modeling  Program  for  Tabular  Deposits 

Testing  &  Instrumentation 

0329  Roof  Fall  Warning  Device 

0330  Microphone  Detects  Waves  in  Laminar  Boundary- 
Layer  Flow — Long-wavelength  interference  is 
suppressed  in  the  microphone.  (Licensing  Opportu- 
nity) 

0331  Two-Wavelength  Optical-Path-Difference  Mapping — 
The  shapes  and  alignments  of  aspherical  mirrors 
could  be  measured  readily. 

Other  Items  of  Interest 

0341  Adjustable  Induction-Heating  Coil — Three  segments 
can  be  adjusted  independently  to  obtain  the  desired 
distribution  of  temperature. 

0342  Bonding  Aramid  Rope  to  Metal  Fitting — Strength  is 
increased  over  that  of  eye  splices  and  swages. 

Environmental  Science  &  Technology 

0332  Navy  Studies  Wetlands  to  Treat  Runoff  Pollution 

0333  Treating  Mixed  Hazardous  Waste 

Manufacturing,  Machinery  &  Tools 

0334  Cast  Projectile  Analysis  Being  Carried  Out  for  the 
Naval  Surface  Weapons  Center 

0335  Single-Screw  Air  Compressors 

0336  Single-Screw  Pump 

0337  Noncontact  Ultrasonic  Vibration  of  Weld  Puddles — 
Sizes  of  grains  would  be  reduced  and  the  weld 
enhanced  by  inducing  localized  vibrations. 


0338  Self-Aligning  Coupler — A  joint  reduces  assembly  time 
and  eliminate  fumbling.  | 

Testing  &  Instrumentation 

0339  Identifying  Bearing  Balls  With  Radioisotopes — 
Members  of  the  same  manufacturing  lot  would  have 
the  same  radioactive  characteristics.  (Licensing 
Opportunity) 

Other  Items  of  Interest 

0319     Making  Ultrathin  Solar  Cells — Thin,  efficient  cells  are 
fabricated  without  breakage  or  special  handling. 
(Licensing  Opportunity) 

Materials 

0340  Magnetostrictive  Sensors  and  Actuators 

0341  Adjustable  Induction-Heating  Coil — Three  segments 
can  be  adjusted  independently  to  obtain  the  desired 
distribution  of  temperature. 

0342  Bonding  Aramid  Rope  to  Metal  Fitting — Strength  is 
increased  over  that  of  eye  splices  and  swages. 

0343  Making  Lightweight  structures  by  Vapor  Deposition 
— Complicated  structures  can  be  made  stiff,  strong, 
and  light  in  weight.  (Licensing  Opportunity) 

0344  Mocrostructure  of  a  SiC/(TiA//Cr/Sn/AI)  Composite- 
Techniques  and  results  of  metallographic  analysis 
are  reported. 

0345  Polytetrafluoroethylene-lmpregnated  Anodization  for    A 
Aluminum — Standard  hard  anodization  gives  better 
protection  against  corrosion  than 
polytetrafluoroethylene-impregnated  anodization 

does. 

Testing  &  Instrumentation 

0346  Nondestructive  Inspection  by  Eddy  Current  Methods 
of  Carbon  Fiber  Reinforced  Composites  and  Metals 

Other  Items  of  Interest 

0302     Dielectric  Properties  Characterized 

0334     Cast  Projectile  Analysis  Being  Carried  Out  for  the 
Naval  Surface  Weapons  Center 

Medicine  &  Biology 

0347  Biocontainment  Facility  for  Synchrotron  X-Ray 
Studies 

0348  New  Separator  for  Bioproducts 

0349  Cloned  Hemoglobin  Genes  Enhance  Growth  of 
Cells — Cells  are  'infected'  with  oxygen-binding 
capability.  (Licensing  Opportunity) 

0350  Environmental  Control  of  a  Genetic  Process — The 
concentration  of  oxygen  controls  the  production  of 
hemoglobin.  (Licensing  Opportunity) 
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Natural  Resources  Technology  & 
Engineering 

0351  Aerial  Videos  for  Agriculture  Remote  Sensing 

Testing  &  Instrumentation 

0352  Method  for  Rapidly  Detecting  Subterranean  Tunnels 
by  Detecting  a  Non-Null  Value  of  a  Resultant 
Horizontal  Magnetic  Field  Component  (Licensing 
Opportunity) 

Software 

0353  Global  Reference  Atmosphere  Model-1 988— A 
composite  empirical  mathematical  model  gives 
pressures,  densities,  temperatures,  and  winds. 

Physical  Sciences 

0354  Promising  New  Methane  Conversion  Process  Found 

0355  Monolithic  Unidirectional  Planar  Ring  Laser — 
Operation  would  be  based  on  induced  birefringence 
of  the  stressed  laser  medium.  (Licensing  Opportu- 
nity) 

Testing  &  Instrumentation 

0356  ACED:  New  Concept  for  Measuring  Molecular  Mass 

0357  Two  Radiative/Thermochemical  Instruments — 
Measurements  of  absorption  and  emission  comple- 
ment thermal  measurements. 


Transportation  &  Components 

0358  Dye  Tracing  of  Flow  on  Forebody  of  Airplane — 
Results  are  similar  to  those  of  wind-tunnel  oil  flows. 

0359  Navy  Develops  New  Autonomous  Aircraft 
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Agriculture  &  Food 


0293  Light  Energy  Measures  Fruit  Ripeness 

Software 

0294  Model  Predicts  Insect  Populations 

0295  Slow  Release  Herbicides  for  Vineyards 

Software 

0296  Cattle  Management  Microcomputer  Model  for  Ranchers 

Other  Items  of  Interest 

0351     Aerial  Videos  for  Agriculture  Remote  Sensing 
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Research  Technology 

Agricultural  Research  Service 

U.S.  Department  of  Agriculture 


Light  Energy  Measures  Fruit  Ripeness 


Light  energy  emitted  by  fruit  may  be  measured  on 
processing  lines  in  the  future  to  ensure  that  fruit  wasn't 
picked  too  early.   If  fruit  is  picked  too  soon,  it  won't  npen 
to  proper  maturity  and  quality  by  the  time  it  reaches  the 
grocery  shelf.  ARS  scientists  are  studying  a  system  based 
on  the  principle  of  delayed  light  emission  (DLE)  as  an 
objective  way  to  measure  maturity.  Fruit  is  now  classified 
for  maturity  by  mechanical  sorters  that  account  for  weight, 
size  and  color.  DLE,  however,  is  a  low  intensity  light 
emitted  for  several  seconds  or  minutes  from  chlorophyll- 


containing  fruit  tissue  after  exposure  to  light.  As  fruits 
ripen,  the  chlorophyll  content  decreases,  reducing  the 
amount  of  light  emitted.  Changes  unseen  by  the  naked  eye 
can  be  detected  with  DLE.  Scientists  are  developing  a 
maturity  index  that  includes  information  on  other  factors — 
such  as  carotene,  sugars  and  firmness — that  are  known  to  be 
related  to  maturity  and  can  be  correlated  with  a  DLE 
reading. 

Food  Quality  Evaluation  Research,  Athens,  GA 

William  R.  Forbus  Jr.,  (404)  546-3131 
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Research  Technology 

Agricultural  Research  Service 

U.S.  Department  of  Agriculture 


Computer 
Software 


• 


Model  Predicts  Insect  Populations 


Controlling  insect  populations  will  become  easier  thanks 
to  a  new  mathematical  model.   The  model  predicts  phero- 
mone  release  rates  under  any  set  of  environmental  condi- 
tions. Researchers  use  thimble-sized  rubber  plugs — that  are 
"dosed"  with  synthetic  pheromones — to  help  monitor  and 
control  insect  populations  in  orchards,  fields  or  vineyards. 
The  attractants  slowly  evaporate  into  the  air,  thus  disrupting 
mating  since  the  air  is  permeated  with  the  synthetic 
attractant.   But  weather  conditions,  like  sun,  wind  or  rain, 
can  speed  up  or  slow  down  the  release  of  the  pheromones. 


The  new  model  should  help  researchers  develop  the  best 
formulas  for  these  attractants.  It  will  also  provide  industry 
and  farmers  with  information  on  correct  doses  and  when  the 
dispensers  need  to  be  replaced.  The  model  is  presently 
being  used  to  develop  a  formula  to  disrupt  mating  of  the 
codling  moth — the  principal  pest  of  apples. 


Fruit  and  Vegetable  Insect  Research,  Yakima,  WA 
Leslie  M.  McDonough,  (509)  575-5970 
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Research  Technology 

Agricultural  Research  Service 

U.S.  Department  of  Agriculture 


Slow  Release  Herbicides  for  Vineyards 


Herbicides  released  slowly  from  starch  "capsules11  might 
keep  weeds  from  choking  vineyards  and  be  safer  for  the 
vines  and  the  environment.   In  lab  tests,  an  encapsulated 
herbicide  that  kills  bamyardgrass,  green  foxtail,  lambs- 
quarters  and  other  pesky  weeds  stayed  in  the  top  1/2-inch  to 
1  inch  of  soil  when  water  was  added  to  simulate  irrigation. 
Non-encapsulated  herbicides  leached  5  to  6  inches.   If  the 
results  hold  true  in  outdoor  experiments  underway  on  drip- 
irrigated  plots,  encapsulation  could  help  protect  ground- 
water from  deep  leaching  of  herbicides — a  common  hazard 
in  sandy  soils.  Weed  kill  also  might  be  enhanced  because 
the  compound,  when  held  near  the  soil  surface,  is  more 
likely  to  contact  the  vulnerable  roots  of  sprouting  weed 


seeds.  On  the  other  hand,  grapevines — with  their  deep, 
well-established  roots — would  be  at  less  risk.  ARS  scien- 
tists at  Peoria,  Illinois,  developed  the  encapsulation  process; 
their  colleagues  at  Prosser,  Washington,  are  the  first  to 
apply  it  in  vineyards. 


Weeds,  Soil  and  Water  Management  Research, 

Prosser,  WA 

Rick  A.  Boydston,  (509)  786-3454 

Plant  Polymer  Research, 

Northern  Regional  Research  Center,  Peoria,  IL 

Robert  E.  Wing,  (309)  685-4011 
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Research  Technology  Csofma% 

Agricultural  Research  Service 

U.S.  Department  of  Agriculture 

Cattle  Management  Microcomputer  Model  for 
Ranchers 


Ranchers  can  get  answers  from  SMART,  a  new  computer  day  and  the  totals  for  the  grazing  season.  It's  possible  to  try 

program,  on  how  many  head  of  cattle  to  put  on  rangeland  several  stocking  rates  and  levels  of  forage  production  so  a 

without  overgrazing.  SMART — for  Simple  Model  to  rancher  can  evaluate  the  results  and  potential  income  and 

Assess  Range  Technology — accurately  matches  the  number  then  decide  which  alternative  to  adopt.  A  copy  of  the 

of  yearling  cattle  to  the  available  forage.  A  rancher's  program  is  available  to  ranchers  and  state  extension 

stocking  rate,  initial  weight  of  steers,  total  annual  forage  specialists. 

production  and  dates  of  grazing  are  entered  in  the  computer.  High  Plains  Grasslands  Research  Station,  Cheyenne,  WY 

Then  SMART  prints  out  forage  supply  and  gains  for  each  Richard  H.  Hart,  (307)  772-2433 
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Computers 


0297  Fuzzy  Logic  Decision  Support  Tool  Developed 

0298  High  Speed  Serial  Optical  Crossbar  Switch  (Licensing  Opportunity) 

Software 

0299  Window  Utility  System  Program — This  program  provides  pull-down 
menus  and  multiple  window  displays  at  minimal  cost. 

0300  XTRN  -  Automatic  Code  Generator  for  C  Header  Files — This  program 
generates  'extern'  declarations  for  all  globally  visible  identifiers. 

Other  Items  of  Interest 

0304     High-Speed  Serial  Data  Synchronization  Scheme  Developed 

031 0     Fast  Feature-Recognizing  Optoelectronic  System — Images  would  be 
classified  rapidly  from  parallel  readouts  of  signature  vectors.  (Licensing 
Opportunity) 
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Domestic  Technology  Transfer  Fact  Sheet 


Fuzzy  Logic  Decision  Support  Tool  Developed 


MENU 
HANDLER 


X 


FUZZY  LOGIC 
DECISION- 
AIDS 


FUZZY  LOGIC 

ALGORITHM 

DESCRIPTIONS 


FUZZY  LOGIC  ALGORITHMS: 

•  MIN-MAX  METHOD 

•  EIGENVECTOR  METHOD 

•  WEIGHTED-SUM  METHOD 

•  WEIGHTED-SUM-PW  METHOD 

Figure  2.  Overview  of  fuzzy  logic  decision-making  tool 


During  the  past  several  years, 
fuzzy  logic  has  found  numerous 
applications  in  fields  ranging  from 
finance  to  earthquake  engi- 
neering. The  most  important  and 
striking  application  has  been  the 
realm  of  fuzzy-logic-based  process 
control.  Some  of  the  applications 
are  automatic  train  operation, 
vehicle  control,  robot  control, 
speech  recognition,  universal 
controllers,  and  stabilization 
control. 

The  Naval  Ocean  Systems 
Center  (NOSC),  San  Diego, 
California,  has  developed  a  fuzzy 
logic  decision-making  tool  (Figure 
2)  with  the  ability  to  represent 
multiple  objective  decision 
problems  involving  vague  or  fuzzy 
objectives.  An  algorithm  is 
presented  for  solving  multiple- 
objective-decision  problems  when 


the  objectives  have  differing 
degrees  of  importance.  This  tool 
has  broad  applications  to  military 
command  and  control  systems. 

Although  current  applications 
of  fuzzy  logic  are  in  the  form  of 
software  algorithms,  it  would  be 
cheaper  and  more  effective  to  use 
fuzzy  logic  chips  and  eventually, 
fuzzy  computers.  Such  technology 
has  been  demonstrated  in  the 
laboratory  and  will  be  available  for 
commercial  use  in  the  near  future. 


For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

Code  E211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  150705/TN 
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Licensing 

U.S.   Navy   Fact   Sheet opportunity 

Naval  Ocean  Systems  Center 

High  Speed  Serial  Optical  Crossbar  Switch 


A  device  for  switching  signals  between  M  input  channels  and  N 
output  channels  in  real  time  has  been  developed.     This  device 
incorporates  some  of  the  features  of  other  optical  crossbar  switches, 
such  as  high  bandwidth  and  high  speed,  however  it  has  a  larger  signal 
to  noise  ratio  than  other  optical  designs.     The  device  incorporates  the 
use  of  off-the-shelf  fiber  optics  and  integrated  optical  switches.     This 
crossbar  can  switch  up  to  630  signal  channels  with  a  signal  to  noise 
ratio  greater  than  28  dB. 

STAGE  OF  DEVELOPMENT 

The  method  has  been  analyzed  theoretically.     The  theoretical 
approach  was  verified  experimentally  in  the  laboratory. 

US  NAVY  PATENT  CASE  #  71,709 

PUBLICATIONS 

There  are  no  separate  publications  describing  this  device. 
Contact  the  authors  for  additional  information: 

D.M.  Gookin     Telephone:  (619)  553-2538,  or 
M.H.  Berry    Telephone:  (619)  553-2544,  or 
M.E.  Lasher     Telephone:  (619)  553-2540 

Address:        Code  761  T 

Naval  Ocean  Systems  Center 
San  Diego,  CA     92152-5000 
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National  Aeronautics  and 
Space  Administration 


Computer 
Software 


• 


Window  Utility 
System  Program 

This  program  provides  pull- 
down menus  and  multiple 
window  displays  at 
minimal  cost. 

The  Window  Utility  System  computer 
program  provides  a  full-featured  screen- 
management  windowing  software  facility 
that  can  be  incorporated  easily  into  user 
application  programs.  It  was  developed  to 
provide  a  more  pleasing  user  interface  for 
CLIPS,  the  C-Language  Integrated  Produc- 
tion System  expert-system-development 
shell  program.  The  Window  Utility  System 
program  can  also  be  used  with  many  other 
application  programs  in  the  VAX/VMS 
language. 

The  system  addresses  the  problem  of 
providing  pulldown  menus  and  multiple 
windows  at  minimal  cost  in  terms  of  ex- 
ecutable image  size  and  run-time  perform- 
ance. Most  of  these  savings  result  from 
scaling  the  visible  portions  of  application 
windows  to  a  fixed  screen  size,  with  only 
the  most-recently-displayed  window  visi- 
ble. This  results  in  a  "stack"  of  windows 
from  which  the  application  programmer 
can  make  the  desired  window  visible. 

The  application  programmer  can  define 
pulldown  menu  windows  that  are  opened 


by  pressing  the  corresponding  "PF"  key. 
Once  the  window  is  opened,  options  are 
selected  by  positioning  the  cursor  over  the 
desired  entry,  then  pressing  "RETURN." 
Once  a  menu  option  has  been  selected, 
the  application  programmer  has  full  con- 
trol over  how  that  option  is  to  be  handled. 

Data-entry  forms  provide  for  formatted 
display  and  update  on  the  terminal  screen. 
The  application  programmer  designs  the 
screen  layout  of  the  data  fields,  including 
the  name  and  width  of  each  field  along  with 
an  assortment  of  valid  criteria.  Validation 
criteria  can  include  the  type  of  data,  ability 
to  update,  help  text,  and  an  optional  list  of 
valid  values  for  the  field. 

Terminal  keys  are  used  to  position  the 
cursor.  The  application  programmer  can 
design  forms  that  do  not  completely  fit  the 
available  screen  space.  To  gain  access  to 
these  fields,  the  Window  Utility  System  au- 
tomatically scrolls  through  the  form  when- 
ever an  attempt  is  made  to  tab  beyond  the 
last  displayed  field  or  backspace  above  the 
first  field  displayed. 


The  Window  Utility  System  has  been  im- 
plemented on  a  DEC  VAX  computer  oper- 
ating under  VMS  4.7  using  terminals  that 
support  the  DEC  Special  Graphics  Charac- 
ter set  (i.e.,  VT1 00-compatible).  It  was  writ- 
ten in  VAX  C  and  uses  the  Curses  Screen 
Management  Functions  and  Macros.  The 
Window  Utility  System  has  a  virtual-memo- 
ry requirement  of  approximately  88K  of 
8-bit  bytes.  It  was  developed  in  1988. 

This  program  was  written  by  Eric  G. 
Cooper  of  Planning  Research  Corp.  of 
Langley  Research  Center. 
LAR-13993/TN 


FOR  ADDITIONAL  INFORMATION 
CONTACT 

COSMIC* 

112  Barrow  Hall 
University  of  Georgia 
Athens,  GA  30602 

(404)  542-3265 
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XTRN  —  Automatic  Code 
Generator  for  C 
Header  Files 

This  program  generates 
"extern"  declarations  for  all 
globally  visible  identifiers. 

The  computer  program  XTRN,  Automa- 
tic Code  Generator  for  C  Header  Files,  gen- 
erates "extern"  declarations  for  all  globally 
visible  identifiers  contained  in  input  C-lan- 
guage  code.  Most  C-language  programs 
consist  of  separately  compiled  files  that 
are  linked  together  to  form  the  executa- 
bles.  In  general,  when  one  file  uses  a  vari- 
able or  function  defined  in  another  file,  it  is 
necessary  to  use  an  "extern"  declaration 
to  provide  proper  type  information  for  the 
identifier.  In  the  usual  C  programming  envi- 
ronment, such  "extern"  declarations  are 
coded  manually.  This  is  tedious  and  can 
lead  to  error  for  large  packages.  XTRN  gen- 
erates external  declarations  by  parsing  the 
input  text  according  to  a  syntax  derived 
from  C.  This  automatically  provides  consis- 
tent and  up-to-date  "extern"  declarations 
and  alleviates  the  tedium  and  errors  involved 
in  the  manual  approach. 

XTRN  was  designed  to  operate  as  a  text 
filter  that  accepts  valid  C  code  as  input  and 


generates  "extern"  declarations  for  vari- 
able and  function  identifiers  that  are  visible 
outside  the  given  source  file.  Each  declara- 
tion is  followed  by  a  comment  containing 
the  name  of  the  file  in  which  the  identifier 
occurs.  The  XTRN  program  parses  the  in- 
put text  according  to  a  syntax  derived  from 
Kernighan-and-Ritchie  C.  This  syntax  was 
designed  only  for  recognition  of  text  that 
belongs  in  "extern"  declarations.  It  does 
not  implement  the  full  C  grammar. 

Basically,  XTRN  parses  only  the  top- 
level  declarations  in  the  input  code.  Since 
all  text  contained  within  curly  braces  is 
private  to  the  file,  it  is  ignored.  Similarly,  all 
preprocessor  directives  are  assumed  pri- 
vate and  also  ignored.  In  parsing  the  top- 
level  declarations,  XTRN  attempts  to  deter- 
mine the  need  for  text  tokens.  It  discards  a 
token  as  soon  as  it  is  clear  that  the  token  is 
not  needed  in  an  external  declaration. 

XTRN  does  not  parse  variable  types 
beyond  recognizing  whether  a  token  is  a 


type  specifier  and  should  be  included  in  the 
"extern"  declaration.  It  assumes  "int"  as 
the  default  type  and  "global"  as  the  default 
storage  type. 

XTRN  is  written  in  C  and  Unix  Shell  for  ex- 
ecution on  an  HP 9000 series  500  computer 
under  the  HP-UX  release  5.0  operating 
system.  It  has  a  central-memory  require- 
ment of  57  Kbytes.  XTRN  was  developed  in 
1986. 

This  program  was  written  by  Lester  A. 
Pieniazek  of  TRW,   Inc.,   for  Johnson 
Space  Center. 
MSC-21298/TN 


FOR  ADDITIONAL  INFORMATION 

CONTACT 
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112  Barrow  Hall 
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Athens.  GA  30602 

(404)  542-3265 
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Electrotechnology 


0301  Photoconductive  Semiconductor  Switch  is  Fast,  Powerful 

0302  Dielectric  Properties  Characterized 

0303  Fiber  Optic  Transversal  Filter  for  Wideband  RF  Signal  Processing 
(Licensing  Opportunity) 

0304  High-Speed  Serial  Data  Synchronization  Scheme  Developed 

0305  Method  for  Fabricating  Ohmic  Contacts  on  Semiconducting  Diamond 
(Licensing  Opportunity) 

0306  Magnetic  Amplifier  Switch  for  Automatic  Tuning  of  VLF  Transmitting 
Antenna 

0307  Non-Contacting  Printed  Circuit  Waveguide  Elements  Developed 

0308  Poly  Phase  Transformer  for  Minimizing  Line  Harmonics  (Licensing 
Opportunity) 

0309  Interleaving  Would  Enhance  Trellis-Coded  Modulation — Errors  caused 
by  imperfect  carrier  demodulation  references  would  be  reduced. 

031 0  Fast  Feature-Recognizing  Optoelectronic  System — Images  would  be 
classified  rapidly  from  parallel  readouts  of  signature  vectors.  (Licensing 
Opportunity) 

031 1  Preventing  Simultaneous  Conducting  in  Switching  Transistors — High 
voltage  spikes  and  electromagnetic  interference  are  suppressed. 

031 2  Rain-Blowing  Plenum  for  Antenna  Feed  Horn — Forced  air  is  partly 
confined  for  maximum  effectiveness.  (Licensing  Opportunity) 

0313  Segmented  Coil  Fails  in  Steps— Insulating  barriers  prevent  propagation 
of  failures. 

0314  State-Variable  Representations  for  Moving-Average  Sampling — 
Observability  and  controllability  should  be  enhanced. 


Testing  &  Instrumentation 

0315     KD(2)PO(4)  Polarization  Modulator  With  Large  Field  of  View— Errors 
previously  caused  by  convergence  of  light  are  expected  to  be 
eliminated.  (Licensing  Opportunity) 


Other  Items  of  Interest 

0298     High  Speed  Serial  Optical  Crossbar  Switch  (Licensing  Opportunity) 

0326     Three-Zone  Programmable  Temperature  Controller  —Heating  by  direct 
current  assures  low  electrical  noise.  (Licensing  Opportunity) 

0340     Magnetostrictive  Sensors  and  Actuators 
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Technology  Application 


Sandia  National  Laboratory 

Photoconductive  Semiconductor  Switch  is  Fast. 
Powerful 


Scientists  have  shown  that  a  newly  developed  pho- 
toconductive semiconductor  switch  (PCSS)  can  very 
rapidly  turn  on  high  amounts  of  electrical  power  using 
light  from  a  much  lower  power  laser  diode  array. 

The  fast-rise-time,  high-power,  photoconductive 
switch  was  developed  by  scientists  at  Sandia  National 
Laboratories,  and  demonstrated  using  a  laser  diode 
array  developed  by  the  David  Sarnoff  Research  Center, 
Princeton,  New  Jersey. 

The  solid-state  device,  made  of  gallium  arsenide 
semiconductor  material,  has  many  possible  applications. 
One  may  be  as  a  small,  fast-rise-time,  repetitive  switch 
necessary  to  make  ultrawideband  impulse  radar  a  real- 
ity. The  potential  of  this  new  radar  technology  is  under 
study  at  several  research  laboratories.  Other  applica- 
tions may  be:  (1)  in  optically  activated  firesets  for 
triggering  explosives,  (2)  in  pulse-power  systems  to 
supply  energy  to  compact  high-power  accelerators,  or  (3) 
as  a  fast-rise-time  switch  in  electromagnetic  pulse 
(EMP)  testing. 

In  a  recent  experiment,  the  device  was  able  to  switch 
8.5  megawatts  (MW)  of  power  using  light  from  an 
850-watt  laser  diode  array.  Until  this  experiment,  the 
highest  power  switched  with  a  photoconductive  switch 
using  the  same  laser  diode  array  was  0.25  MW.  The 
switch  held  off  55  kilovolts  until  it  was  activated  and 
delivered  470  amps  to  a  38-ohm  load. 

The  pulse  of  current  rose  to  a  peak  in  only  3.5 
nanoseconds  (billionths  of  a  second),  even  though  the 
optical  pulse  that  triggered  the  switch  had  a  rise  time  of 
21  nanoseconds.  Subsequent  experiments  have  shown 
rise  times  as  short  as  half  a  nanosecond. 

The  experiment  was  carried  out  by  Fred  J.  Zutavern, 
Guillermo  M.  Loubriel,  Daniel  L.  McLaughlin,  Martin 
M.  O'Malley,  and  Wesley  D.  Helgeson  from  Sandia  and 
Paul  Stabile  and  Arye  Rosen  from  the  David  Sarnoff 
Research  Center. 


The  researchers  say  that  the  results  provide  the 
basis  for  a  switch  technology  that  can  produce  high- 
voltage  (tens  of  kilovolts)  pulses  with  subnanosecond 
rise  times  at  high  repetition  rates  in  a  compact  package. 

The  PCSS  was  operating  in  a  high-gain  switching 
mode,  discovered  at  Sandia  called,  "lock  on."  This  mode 
enables  the  switch  to  trigger  with  minimal  laser  energy. 
The  scientists  say  this  experiment,  while  small  in  scale, 
illustrates  the  significance  of  the  lock-on  switching 
mode. 

A  photoconductive  semiconductor  switch  is  made 
from  a  bulk  semi-insulating  semiconductor.  The  new 
Sandia  PCSS  consists  of  a  small  disk  of  undoped  gallium 
arsenide  (GaAs)  about  one  inch  in  diameter.  In  ihe  dark, 
the  material  is  insulating,  but  light  from  the  laser  diode 
turns  the  GaAs  into  a  conductor. 

Since  a  laser  diode  can  emit  millions  of  pulses  of 
light  per  second,  future  research  will  evaluate  if  the 
fast-acting  PCSS  switch  can  switch  large  amounts  of 
electrical  current  at  high  rates. 

The  Sandia  researchers  are  in  Sandia's  Repetitive 
Pulsed  Power  Research  Division,  and  those  from  Sarnoff 
are  part  of  their  Optoelectronics  Research  Laboratory. 
Loubriel  and  Zutavern  are  solid  state  physicists;  Rosen 
and  Stabile  are  electrical  engineers.  □ 


FOR  ADDITIONAL  INFORMATION 

Public  Information  Division, 

Code  3161, 

Department  of  Energy, 

Sandia  National  Laboratories, 

Albuquerque,  NM  87185-5800 

(505)  844-4207 

Refer  to  announcement  25  No.  10 


301 


NIST  Technology  Update 

National  Institute  of  Standards  &  Technology  | 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 

Dielectric  Properties  Characterized 


Designers  of  microwave  and  millimeter  wave  devices  must  know  the  dielectric  (low  electrical  conductivity) 
properties  of  many  different  materials.  To  measure  these  properties  accurately,  they  must  have  valid  methods  and 
standard  reference  materials  to  calibrate  their  measuring  instruments.  NIST  has  long  developed  such  methods  and 
standards.  A  report,  Dielectric  Characterization  and  Reference  Materials  (NIST  TN  1338)  describes  the  national 
need  for  improving  measurement  of  these  materials  and  the  parameters  and  conditions  required  for  these 
measurements;  desired  properties  of  reference  materials;  factors  that  reduce  dielectric  performance  and  complicate 
measurements;  and  the  theoretical  basis  for  dielectric  measurements.  Recommendations  for  future  research  also  are 
included. 

FOR  ADDITIONAL  INFORMATION:  A  copy  of  the  report  is  available  from  NTIS,  Springfield,  VA  22161; 
(703)487-4600. 

NTIS  order  number:  PB90-257742/NAC 

Price  code:  A06 
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U.S.   Navy   Fact   Sheet jS 

Naval  Ocean  Systems  Center 

Fiber  Optic  Transversal  Filter  for  Wideband  RF  Signal 
Processing 

A  transversal  filter  was  designed  using  fiber  optic  delay  lines  and 
integrated  optic  weights.     This  filter  can  be  configured  to  perform  any- 
digital  filter  function  using  weight  values  from  -1  to  +1.     The  weights 
can  be  changed  in  real  time.     The  filter  can  operate  on  signal 
bandwidths  up  to  10  GHz  using  off-the-shelf  components. 

STAGE  OF  DEVELOPMENT 

An  experimental  fiber  optic  transversal  filter  was  built  and  tested 
in  the  laboratory. 

US  NAVY  PATENT  CASE  #  71,643 

PUBLICATIONS 

A  description  of  the  operation  of  this  device  was  published  in 

•  "Finite  impulse  response  filter  with  large  dynamic  range  and  high 

sampling  rate,"     D.M.  Gookin  and  M.H.  Berry,  Applied  Optics  29(8), 
1061(1990). 

ADDITIONAL  INFORMATION: 

M.H.  Berry,  Code  761  T.  Naval  Ocean  Systems  Center,  San  Diego,  CA 
92152-5000     Telephone:  (619)  553-2544  or  (619)  553-2534. 
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High-Speed  Serial  Data  Synchronization  Scheme 
Developed 


The  encoding  of  serial  data 
streams  is  used  to  a  large  degree  in 
radio  transmission  and  magnetic 
recording.  There  are  several 
known  schemes  to  synchronize  on 
serial  data  streams  of  the  order  of 
20  megahertz  (MHz),  but  they  all 
have  drawbacks.  The  present 
invention,  developed  by  the  Naval 
Ocean  Systems  Center  (NOSC), 
San  Diego,  California,  relates  to  a 
serial-to-parallel  data  conversion 
and  synchronization  scheme  that 
lends  itself  readily  to  low  cost 
manufacturing,  low  power 
requirements,  small  size, 
simplicity,  and  reliability  in 
synchronizing  on  high  speed;  i.e., 
5-  to  25-MHz  serial  data  streams. 
It  would  typically  be  used  with  a 
formatted  control  word  scheme  and 
appropriate  control  logic  for 
further  synchronizing  the 
transmission  and  reception  of  the 
data. 


A  further  advantage  of  the 
integrated  circuit  technique  of  this 
invention  is  that  the  delay  lines 
can  be  "tuned"  for  various 
frequencies  simply  by  connecting 
the  supply  voltage  source.  This 
can  be  accomplished  by  merely 
connecting  a  small  variable  or 
fixed  resistor  between  a  fixed 
power  supply  and  the  power  bias 
pin  of  the  integrated  circuits 
utilized  in  the  delay  line  of  the 
invention.  A  20-  to  30-percent 
frequency  variation  could  readily 
be  accomplished. 

For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

CodeE211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  150903/TN 
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^r    Naval  Ocean  Systems  Center 

Method  for  Fabricating  Ohmic  Contacts  on 
Semiconducting  Diamond 

A  method  for  producing  strongly  adherent  electrical  contacts  with  low 
electrical  impedance  has  been  developed.  The  technique  provides  precise 
and  repeatable  dimensional  control  of  the  contact  area  and  is  capable  of 
being  implemented  on  a  mass  production  scale  for  commercial  electronic 
device  applications.  The  resulting  contacts  can  operate  reliably  at  the 
high  temperatures  and  in  the  adverse  environmental  conditions  that  diamond 
semiconducting  devices  can  be  used. 

STATE  OF  DEVELOPMENT 

The  techniques  have  been  fabricated  at  the  Naval  Ocean  Systems  Center  and 
applied  to  natural  semiconducting  diamond  and  epitaxial  diamond  films.  The 
electrical  response  and  mechanical  integrity  of  the  resulting  contacts  has 
been  verified  by  electrical  measurements  and  pull -test-to-failure 
measurements  of  wires  bonded  to  the  contact  pads  which  were  fabricated 
using  the  described  techniques.  The  results  have  been  described  in  the 
publications  listed  below. 

APPLICATIONS 

Semiconductor  devices  require  ohmic  contacts  with  low  electrical  impedance 
and  high  mechanical  strength  for  effective  performance  and  reliable 
operation.  Diamond  electronic  and  electrooptic  devices  have  a  wide  range 
of  practical  applications  due  to  the  exceptional  physical  properties  of 
diamond.  The  high  thermal  conductivity,  chemical  inertness,  insensitivity 
to  ionizing  radiation,  low  dielectric  constant,  optical  and  infrared 
transparency,  high  elastic  modulus,  and  high  saturated  carrier  velocities 
for  both  electrons  and  holes  over  a  wide  range  of  electrical  fields  give 
semiconducting  diamond  many  unique  capabilities  that  cannot  be  realized  by 
any  competing  device  technology.  A  partial  list  of  potential  applications 
would  include  nuclear  radiation  detectors,  light  sensitive  switches,  high 
temperature  devices  and  integrated  circuits,  thermistor  elements, 
optoelectronics,  devices  intended  to  operate  at  high  electric  field 
strengths,  in  chemically  corrosive  atmospheres,  or  in  space. 

PATENT  STATUS 

U.S.  Navy  Case  70562,  Filed  26  June  1989. 

PUBLICATIONS 

1.  K.L.  Moazed,  R.V.  Nguyen  and  J.R.  Zeidler,  "Ohmic  Contacts  to 
Semiconducting  Diamond,"  IEEE  Electron  Device  Letters,  Vol.  9,  pp.  350-352, 
July  1988. 

2.  K.L.  Moazed,  J.R.  Zeidler  and  R.V.  Nguyen,  "Ohmic  Contacts  to  Natural 
Semiconducting  Diamond,"  Proc.  of  the  SDIO/IST-Off ice  of  Naval  Research 
Diamond  Technology  Symposium,  Section  TH-2,  Washington,  DC,  July  1988. 
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Naval  Ocean  Systems  Center 
San  Diego,  California  92152-5000 


Magnetic  Amplifier  Switch  for  Automatic  Tuning  of 
VLF  Transmitting  Antenna 


The  present  invention  generally  relates  to  a  magnetic  amplifier  switch  for  automatic  tuning  of  a  very  low  frequency 
(VLF)  transmitting  antenna. 

High  power  VLF  transmitters  require  large  antenna  systems  to  obtain  any  reasonable  degree  of  radiation. 
Generally,  antennas  for  transmitters  are  at  least  one  quarter  wavelength  in  dimension.  Since  the  VLF  band 
is  15  kHz  to  30  kHz,  a  quarter  wavelength  would  be  5000  to  2500  meters.  Antennas  of  such  great  lengths  (which 
also  must  be  an  equal  distance  from  the  ground  plane)  are  not  practical  to  build. 

Therefore,  antennas  for  VLF  transmitters  are  made  physically  smaller  and  are  reactively  loaded  to  resonate  at  the 
desired  frequency.  The  ratio  of  the  reactive  power  driven  into  the  antenna  circuit  (which  has  been  tuned  by 
reactance)  is  referred  to  as  the  "Q"  factor.  Usually  the  "Q"  factor  is  greater  than  250.  In  order  to  produce  signal 
radiation  at  an  acceptable  efficiency,  tuning  the  antenna  to  the  exact  transmitter  frequency  is  desirable.  Any  error 
in  tuning  will  cause  a  decrease  in  transmitted  power  and  a  reduction  in  transmitter  efficiency,  i.e.,  a  decrease  in  die 
transmitted  signal  reception  area. 

Stage  of  development:  Reduced  to  practice  in  model  form.  Model  antenna  tuning  demonstrated. 

Applications:  Very  low  frequency-high  power  transmitting;  power  saving  and  greater  field  of  illumination. 

Patent  status:  No  patent  issued  yet;  Navy  Case  No.  70,583. 

Publications:  NAVOCEANSYSCEN  report  to  sponsor. 

FOR  ADDITIONAL  INFORMATION:  L.  J.  Johnson,  Code  433,  Naval  Ocean  Systems  Center,  San  Diego,  CA 
92152-5000,  telephone  (619)553-1620. 
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Non-Contacting  Printed  Circuit  Waveguide  Elements 
Developed 


Figure  3.  Waveguide  filters 


The  Naval  Ocean  Systems 
Center  (NOSC),  San  Diego, 
California,  has  designed  a 
waveguide  filter  (Figure  3)  that 
overcomes  problems  associated 
with  conventional  waveguide 
filters  by  providing  a  printed 
circuit  filter  element  for  a  family  of 
waveguide  filters  that  does  not 
require  any  contact  with  the 
waveguide  walls. 

The  filters  can  be  assembled  by 
inserting  a  foam-backed  printed 
circuit  within  a  short  section  of 
waveguide.  It  not  only  facilitates 
very  simple  assembly  techniques 
and  eliminates  practically  all 
costly  machining  usually 
associated  with  waveguide  filters, 


but  it  also  provides  excellent  low 
loss  performance  due  to  contact 
resistance.  This  design  extends 
the  use  of  printed  circuit  filters  to 
the  upper  millimeter  wave 
frequencies  because  it  eliminates 
the  requirements  for  precise 
machining. 


For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

Code  E211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  150904/TN 
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Naval  Ocean  Systems  Center 

Poly  Phase  Transformer  for  Minimizing  Line 
Harmonics 

Transformers  with  three  phase  primary  are  designed  to  have  an  extended  whole 
number  of  phases  such  as  10  phase,  15  phase,  19  phase,  20  phase,  21  phase,  etc. 
with  bridge  rectification  to  produce  relatively  smooth  DC  output  without 
filtering  and  reflects  very  little  harmonic  currents  to  the  primary  side  of  the 
transformer. 

STAGE  OF  DEVELOPMENT 

15  phase,  19  phase,  and  21  phase  T.  R.  systems  of  10  kilowatt  level  have  been 
reduced  to  practice. 

APPLICATIONS 

General  power  conversion  AC  to  DS  to  meet  E.P.A.  standards. 

PATENT  STATUS 

Patent  number  not  issued  yet.   Navy  Case  No.  72,000 

PUBLICATIONS 

NAVOCEANSYSCEN  Technical  Report 

ADDITIONAL  INFORMATION 

R.  Hammond,  Code  551,  Naval  Ocean  Systems  Center,  San  Diego,  CA  92152-5000, 
telephone  (619)  553-2670. 
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Interleaving  Would  Enhance  Trellis-Coded  Modulation 

Errors  caused  by  imperfect  carrier  demodulation  references  would  be  reduced. 


Interleaving  of  symbols  transmitted  via  trel- 
lis-coded modulation,  together  with  deinter- 
leaving  at  the  receiver,  is  expected  to  reduce 
the  "radio"  or  "noisy-reference"  loss  en- 
countered in  reception.  This  loss  is  an  in- 
crease in  the  bit-error  rate  (or,  equivalent^, 
a  decrease  in  the  effective  signal-to-noise 
ratio),  caused  by  phase  error  between  the 
received  signal  and  the  locally  generated 
carrier  reference  signal  used  to  demodulate 
the  received  signal. 

In  a  practical  receiver,  the  coherent  de- 
modulation reference  is  derived  from  a 
carrier-synchronization  subsystem,  e.g.,  a 
Costas  loop  in  a  suppressed-carrier  system 
or  a  phase-locked  loop  in  a  discrete-carrier 
system.  Because  this  subsystem  derives  its 
reference  from  a  noisy  version  of  the  trans- 
mitted signal,  the  phase  of  the  demodula- 
tion reference  includes  a  random  erroneous 
component.  The  manner  in  which  the  ran- 
dom error  process  degrades  the  error-prob- 
ability performance  of  the  receiver  depends 
on  the  ratio  of  the  data  rate  to  the  bandwidth 
of  the  loop  or,  equivalent^,  on  the  rate  of 
variation  of  the  phase  error  during  a  data- 
symbol  period.  In  many  applications,  this 
rate  of  variation  is  large;  that  is,  the  data  rate 
is  much  higher  than  the  bandwidth  of  the 
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The  Bit-Error  Rate  of  a  system  based  on  rate- 
one-half,  two-state-trellis-coded,  quadrature- 
phase-shift  keying  and  a  loop  signal-to-noise 
ratio  of  13  dB  was  computed  for  transmission 
both  with  and  without  interleaving.  Also 
shown  for  comparison  is  the  plot  for  zero  radio 
loss  —  that  is,  ideal  carrier  synchronization. 

loop.  In  such  a  case,  the  phase  error  can 
be  considered  to  be  constant  during  sever- 
al consecutive  symbol  periods. 


Representative  cases  of  this  type  were 
analyzed  theoretically,  both  without  inter- 
leaving and  with  interleaving  to  a  depth  of 
-  MBJS  symbols,  where  BL  -  the  band- 
width of  the  loop  and  Ts  =  the  symbol 
period.  The  analysis  showed  that  the  radio 
loss  can  be  reduced  significantly  (see  fig- 
ure). The  amount  of  this  reduction  depends 
on  the  particular  trellis  code  and  the  region 
of  operation  of  the  system  as  characterized 
by  such  parameters  as  the  bit-error  rate  and 
the  signal-to-noise  ratio  of  the  loop.  If  the 
radio  loss  is  already  small  even  without  in- 
terleaving (as  tends  to  be  true  in  suppressed- 
carrier  systems),  interleaving  does  not  help 
much.  Nevertheless,  if  the  system  can  tol- 
erate the  delay  associated  with  the  interleav- 
ing/deinterleaving  process,  it  is  useful  to  in- 
clude this  process  in  the  system  design  be- 
cause it  also  helps  to  reduce  the  degrada- 
tion caused  by  such  other  impairments  of  f 
a  bursty  nature  as  intersymbol  interference 
and  fading. 

7?7/s  work  was  done  by  Dariush  Divsalar 
and  Marvin  K.   Simon  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 
NP0-17899/TN 
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Fast  Feature-Recognizing  Optoelectronic  System 

Images  would  be  classified  rapidly  from  parallel  readouts  of  signature  vectors. 


A  proposed  optoelectronic  system 
would  recognize  features  or  classify  im- 
ages by  processing  the  outputs  of  photo- 
sensors rapidly,  in  parallel,  through  circuits 
developed  in  research  on  neural  networks. 
The  system  would  even  be  able  to  "learn" 
new  patterns  for  subsequent  recognition. 
The  concept  has  obvious  potential  for  ap- 
plications in  robotic  vision  systems  and 
pattern  recognition. 

The  image  is  projected  on  a  two-dimen- 
sional array  of  photosensors,  which  could 
be  photodiodes,  photovoltaic  cells,  photo- 
sensitive charge-coupled  devices,  or,  as 
shown  in  Figure  1,  optically  modulated 
resistors  made  of  photoconductive  materi- 
al —  possibly  hydrogenated  amorphous 
silicon.  Each  such  resistor  acts  as  a  syn- 


apse, the  analog  connection  strength  of 
which  is  determined  by  the  illumination  in 
the  corresponding  pixel  of  the  image. 

An  amplifier  at  one  end  of  each  row  con- 
ductor senses  the  cumulative  voltage  drop 
in  that  conductor  because  of  all  the  syn- 
apses along  the  row.  An  amplifier  at  one 
end  of  each  column  conductor  sense  the 
total  current  contributed  by  all  the 
synapses  along  the  column.  The  row  and 
column  amplifiers  may  be  called  X  neurons 
and  V  neurons,  respectively,  by  analogy 
with  some  of  the  functions  of  neural  net- 
works. 

In  this  scheme,  each  synapse  commu- 


nicates with  an  X  neuron  and  a  /neuron. 
The  data  in  an  image  of  Nx  x  N  picture 
elements  would  be  compressed  into  the 
analog  outputs  of  the  Nx  +  N  neurons. 
These  outputs  constitute  a  feature  vector 
of  Nx  +  N   components. 

The  analog  feature  vector  is  then  con- 
verted by  threshold  or  lateral  inhibition/ 
winner-take-all  circuits  developed  at  JPL 
(with  further  data  compression)  into  a  bina- 
ry form  suitable  for  subsequent  proces- 
sing. As  shown  schematically  in  Figure  2a, 
the  resulting  binary  signature  vector  could 
be  presented  to  a  classifying  neural  net- 
work —  for  example  a  Hopfield-type  neu- 
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Figure  1 .  An  Array  of  Photoconductive  Elements  would  serve  as 
photomodulated  connections  in  an  electronic  neural  network,  which 
provides  high  speed  data  compression  to  generate  a  feature  vector. 


Figure  2.  The  Feature  Vector — schematic  diagram  shows  neural 
network  architectures  for  high  speed  feature  extraction  and  pattern 
recognition. 
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ral  network  with  feedback,  in  which  signa- 
tures representative  of  all  patterns  or  their 
categories  to  be  recognized  are  stable 
states.  As  our  electronic  hardware  imple- 
mentations have  already  demonstrated, 
the  feedback  network  (see  Figure  2b) 
generates  the  best  Hamming  match  (or  the 
best  Euclidean  match  when  the  analog 
prompt  scheme  is  employed),  at  extremely 
high  speed,  since  the  effective  search 
takes  place  in  parallel.  Alternatively,  a  feed- 
forward, winner-take-all  circuit  decides  the 
best  match,  based  on  the  highest  inner 
product  between  the  prompting  vector  and 
all  the  stored  vectors,  all  computed  in 
parallel. 

The  feature  vector  could  also  be  pre- 
sented as  a  prompt  to  a  multilayer  feedfor- 
ward network  (see  Figure  2c)  that  has  al- 


ready been  "taught"  all  the  patterns  to  be 
recognized.  If  the  prompting  feature  vector 
matches  one  of  those  stored,  the  correct 
match  or  its  label  is  obtained  as  output.  A 
threshold  or  vigilance  parameter  can  be 
dictated  to  set  the  level  of  mismatch  for  the 
similarity  of  patterns.  If  the  mismatch  is 
above  the  threshold,  the  system  could 
store  a  new  feature  vector  for  such  a  sig- 
nificantly new  pattern,  thus  "learning"  to 
-ecognize  the  new  pattern. 

This  work  was  done  by  S.  Thakoor  and 
A.  P.  Thakoor  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  NASA  Resident  Office- 
JPL.  Refer  to  NPO-17690/TN. 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4300  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  for  JPL:  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena.  CA  91109 
(818)  354-2240 
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Preventing  Simultaneous  Conduction  in  Switching  Transistors 

High  voltage  spikes  and  electromagnetic  interference  are  suppressed. 


A  power-supply  circuit  that  includes  two 
switching  transistors  is  easily  modified  to 
prevent  simultaneous  conduction  by  both 
transistors  during  the  switching  intervals.  A 
diode  connected  between  the  collector  of 
each  transistor  and  the  driving  circuit  for 
the  opposite  transistor  suppresses  the 
driving  signal  to  the  transistor  being  turned 
on  until  the  transistor  being  turned  off  has 
ceased  to  carry  current. 

Power  transistors  turn  on  much  faster 
than  they  can  turn  off.  In  a  driven  switching 
system  like  a  converter  or  inverter,  this  ef- 
fect can  cause  simultaneous  conduction 
of  the  switching  transistors,  which  sets  up 
a  short  circuit  across  the  transformer. 
When  this  occurs,  the  collector  current  is 
limited  only  by  the  source  impedance  and 
the  transistor  gain.  During  this  simultaneous- 
high-conductance  state,  the  resulting  high 
current  and  the  transformer  leakage  in- 
ductance combine  to  generate  high  volt- 
age spikes  that  produce  large  amounts  of 
electromagnetic  interference  and  can 
easily  destroy  the  transistors. 

In  the  modified  circuit  (see  figure),  the 
cathodes  of  the  diodes  are  connected  to 


Two  Diodes  (shown 
here  in  color)  are  added 
to  this  inverter  circuit  to 
prevent  the  application 
of  the  driving  signal  to 
switching  transistor  Q, 
until  switching  Q2  stops 
conducting,  and  vice 
versa. 
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the  collectors  or  drains  of  the  switching 
transistors.  The  anode  of  each  diode  is 
cross-strapped  to  the  input  of  the  driving 
circuit  of  the  opposite  transistor.  When  one 
of  the  transistors  is  conducting,  its  collec- 
tor is  nearly  at  ground  potential.  Through 
the  diode,  this  places  the  output  of  the  driv- 
ing circuit  for  the  other  transistor  close  to 
ground  potential,  thus  shorting  drive  cur- 
rent to  ground.  Some  finite  time  after  the 
drive  signal  to  the  conducting  transistor  is 
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turned  off,  this  transistor  stops  conducting, 
the  diode  becomes  back-biased,  and  the 
driving  circuit  of  the  transistor  that  was 
previously  not  conducting  can  turn  that 
transistor  on. 

This  work  was  done  by  Colonel  William 
T.  McLyman  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory 
NP0-17775/TN 
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Rain-Blowing  Plenum  for  Antenna  Feed  Horn 

Forced  air  is  partly  confined  for  maximum  effectiveness. 


A  double-diaphragm  radome  drives 
raindrops  away  from  an  antenna  feed 
horn.  It  thus  nearly  eliminates  the  increase 
in  noise  temperature  that  occurs  when 
water  covers  a  radome.  The  double-di- 
aphragm design  is  particularly  useful  for 
X-band  and  higher  frequencies,  which  are 
especially  susceptible  to  the  effects  of 
water. 

A  second  diaphragm,  perforated  with 
holes  0.015  in.  (3.8  mm)  in  diameter  on 
0.040-in.  (1-mm)  centers,  is  placed  outside 
a  conventional  diaphragm-type  radome, 
forming  a  plenum  with  the  inner  dia- 
phragm. Air  forced  into  the  plenum  flows 
out  through  the  holes,  floating  raindrops 
away  from  the  outer  surface  (see  figure). 

The  usual  method  of  clearing  rain  from  a 
radome  is  to  blow  air  through  a  duct,  which 
directs  the  air  across  the  outer  surface. 
The  new  double-radome  method  not  only  is 
more  effective  in  clearing  the  radome  but 
also  requires  less  air.  It  is  therefore  suitable 
for  use  with  large  radomes  as  well  as  with 
small  ones. 

This  work  was  done  by  Peter  S.  Hames 
and    Scott    Ft.    Stewart   of   Planning 
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The  Double-Diaphragm  Radome  includes  a  solid  diaphragm  at  the  mouth  of  a  feed  horn 
surmounted  by  a  perforated  diaphragm.  Pressurized  air  in  the  plenum  between  the  diaphragms 
flows  out  through  the  perforations. 


Research  Corp.  for  NASA's  Jet  Pro- 
pulsion Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  NASA  Resident  Office- 
JPL.  Refer  to  NP0-17493/TN. 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 


Technology  Utilization    a 
Mgr.  for  JPL:  Norman    " 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 
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Segmented  Coil  Fails  in  Steps 

Insulating  barriers  prevent  propagation  of  failures. 


An  electromagnetic  coil  degrades  in 
steps  when  faults  occur  —  that  is,  it  con- 
tinues to  operate  at  a  reduced  level  instead 
of  failing  catastrophically.  In  addition,  a 
fault  does  not  damage  adjacent  compo- 
nents or  create  a  hazard.  Coils  of  this  type 
can  be  used  to  control  valves  in  such  criti- 
cal applications  as  the  cooling  systems  of 
power  generators  and  chemical  process 
equipment,  particularly  where  flammable 
liquids  or  gases  are  handled.  It  can  also  be 
adapted  to  the  electrical  control  of  motors. 

The  coil  is  made  in  segments  connected 
in  series  and  separated  by  electrically  insu- 
lating barriers  (see  figure).  If  a  short  circuit 
should  occur  between  adjacent  wires  in  a 
segment,  it  does  not  spread  beyond  that 
segment.  The  coil  continues  to  function 
with  the  remaining  segments  intact.  The  in- 
crease in  current  is  restricted  to  that 
caused  by  the  decrease  in  the  electrical  re- 
sistance in  the  segment  that  failed.  The  in- 
crease in  temperature  is  not  high  enough 
to  burn  out  the  coil,  damage  adjacent  com- 
ponents, or  cause  a  fire. 

The  increase  in  current  and  reduction  in 
function  caused  by  failure  of  a  segment 
can  be  detected  readily.  The  faulty  unit  can 
then  be  replaced. 

A  conventional,  unsegmented  coil,  in 
contrast,  relies  only  on  the  insulation  on  the 
wire  for  protection  against  short  circuits.  If 
that  insulation  fails,  more  and  more  heat  is 
generated  as  the  failure  extends  through 
the  entire  component. 

This  work  was  done  by  Ronald  S. 
Stedman  of  Rockwell  International  Corp. 
for  Johnson  Space  Center.  No  further 
documentation  is  available. 
MSC-21574/TN 
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keeps  a  short  circuit  within 
a  segment.  In  a  conven- 
tional coil,  however,  a 
short  circuit  between  ex- 
posed spots  on  adjacent 
wires  can  result  in  a  rapid 
increase  in  temperature, 
destroying  the  entire  coil. 
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Marshall  Space  Flight  Center,  Alabama 


State-Variable  Representations  for  Moving-Average  Sampling 

Observability  and  controllability  should  be  enhanced. 


Two  state-variable  representations 
have  been  derived  for  a  continuous-time 
plant  driven  by  a  control  algorithm  that  in- 
cludes a  zero-order  hold  and  measure- 
ments sampled  at  multiple  rates  by  multi- 
ple-input/multiple-output moving-average 
processes.  The  new  representations  are  ex- 
pected to  enhance  the  observability  and  con- 
trollability of  the  plant.  Applications  are  likely 
to  include  the  mathematical  modeling  of 
navigation  systems  that  include  star  track- 
ers, gyroscopes,  and  accelerometers. 

Two  state-variable  representations  had 
been  derived  previously  for  such  a  system 
with  measurements  sampled  at  a  single 
rate  (see  Figure  1).  The  system  is  repre- 
sented at  instants  separated  by  periods  of 
T.  Samples  of  the  output  vector  z(t)  are 
taken  at  N  consecutive  intervals  of  T/N 
(where  N  is  an  integer)  and  multiplied  by 
weighting  matrices  H,  (where  /  =  0  to 
N— 1).  In  the  first  representation,  the  re- 
sulting products  are  summed  and  divided 
by  N  to  obtain  the  moving-average  meas- 
urement vector  yF  at  intervals  of  T.  In  the 
second  representation,  which  is  intended 
for  use  in  exact  state  reconstruction  in  a 
deterministic  control  system,  a  modified 
moving-average  measurement  vector  y'F  is 
generated  by  subtracting,  from  yF,  a  feed- 
forward signal  consisting  of  a  delayed,  fil- 
tered version  of  the  control  vector. 

The  new  state-variable  representations 
are  extensions  of  the  foregoing  and  apply 
to  a  system  that  is  similar  except  that  multi- 
ple samples  of  z(f)  are  taken  at  intervals 
from  T/N  to  772  (see  Figure  2).  In  the  first 
representation,  the  state  vector  x  and  aux- 
iliary vectors  rj2  through  rjwat  sampling  in- 
stant (k  + 1  )T  are  specified  in  terms  of  the 
state  and  auxiliary  vectors  at  sampling  in- 
stant k T,  of  the  control  vector  u  at  instant 
k T,  and  of  various  matrices  derived  from  the 
control  system  output  and  weighting  ma- 
trices. The  instantaneous  output-measure- 
ment vector  y,  and  the  moving-average- 
sampled  output  measurement  vectors  yF2 
through  yFN  at  sampling  instant  kT  are 
specified  in  terms  of  the  state  and  auxiliary 
vectors  at  kT  and  a  matrix  based  on  the 
instantaneous  output  matrix  Cy.  In  the 
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Figure  1.  Measurements  of  the  Output  are  N-term  averages  produced  at  intervals  of  7"  by 
summing  sequences  of  N  weighted  samples  taken  at  intervals  of  T/N. 

Figure  2.  This  System  is  Similiar  to  that  of  Figure  1 ,  except  that  the  output  vectors  are  sampled 
at  multiple  rates. 


Zero-Order    Control 
Hold  Matrix 


Control    u<kT> 


This  Signal  Path 
_lor  Use  With  Ideal 
Stale-Reconstructo 
Algorithm 


I 


second  representation,  x[(/c  +  1)7]  is  ex- 
pressed in  terms  of  x(kT),  u(kT),  and  vari- 
ous matrices  derived  from  the  control  and 
system  matrices,  while  y,(/(7)  and  y'F2  (kT) 
through  y'FN  (kT)  are  specified  in  terms  of 
x(kT),  C,  and  matrices  constructed  from 
the  output  and  weighting  matrices  of  the 
various  sampling  rates. 

This  work  was  done  by  Michael  E. 
Pontes  of  Marshall  Space  Flight  Center 
Further  information  may  be  found  in  NASA 


TP-2909  [N89-24507],  A03  "Further 
Developments  in  Modeling  Digital 
Control  Systems  With  MA-Prefiltered 
Measurements." 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical 
Information  Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)  487-4650. 
MFS-28405/TN 
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KD2P04  Polarization  Modulator  With  Large  Field  of  View 

Errors  previously  caused  by  convergence  of  light  are  expected  to  be  eliminated. 


An  improved  potassium  dideuterium  phos- 
phate (KDgPO^  electro-optical  linear-polar- 
ization modulator  is  suitable  for  use  with  op- 
tical instruments  that  have  large  (that  is, 
wide-angle)  fields  of  view.  In  principle,  a 
KD2P04  electro-optical  modulator  of  prior 
design  can  work  perfectly  if  the  input  beam 
of  light  is  parallel  or  nearly  so  (representing 
a  narrow  field  of  view),  because  at  directions 
of  incidence  along  the  main  optical  axis, 
spurious  effects  that  arise  from  the  com- 
bination of  the  Pockels  (linear  electro-optical) 
effect  and  birefringence  in  the  KD2P04  crys- 
tal are  zero.  These  effects  appear  and  in- 
crease, giving  rise  to  output  errors  that  in- 
crease as  the  angle  between  the  direction 
of  incidence  and  the  main  optical  axis  in- 
creases from  zero.  Thus,  prior  KD2P04  po- 
larization modulators  have  been  limited  to 
operation  in  small  fields  of  view.  In  the  im- 
proved polarization  modulator,  the  errors  are 
suppressed  in  large  fields  of  view. 

The  improved  polarization  modulator  in- 
cludes the  following  components  (see  fig- 
ure): 

•  A  KD2P04  modulator  (modulator  1),  the 
fast  axis  of  which  lies  at  +45°; 

•  A  quarter-wave  plate,  the  fast  axis  of  which 
lies  at  0°; 

•  A  KD2P04  modulator  (modulator  2),  the 
fast  axis  of  which  lies  at  -45°;  and 

•  A  plate  of  MgF2,  which  is  a  positive  uniax- 
ial crystal.  The  modulated  polarization  is 
oriented  at  ±45°  The  thickness  of  the 
MgF2  plate  is  selected  to  correct  the  field- 
of-view  errors  of  the  two  KD2P04  modula- 
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The  Linear-Polarization  Modulator,  shown  here  schematically,  corrects  modulation  errors 
that,  heretofore,  have  reduced  utility  in  wide-angle  fields  of  view. 


tors.  The  fast  axes  of  the  two  KD^OA  mod- 
ulators are  crossed  in  such  a  way  that  their 
modulation  errors,  including  both  retarda- 
tion and  field-of-view  errors  produced  by 
the  applied  voltage,  are  canceled  out. 

By  the  insertion  of  a  quarter-wave  plate 
at  0°,  the  overall  polarization  monitor  can 
be  made  to  rotate  linear  polarizations  from 
the  ±45°  orientations  to  the  0°  orientation. 
Therefore,  the  MgF2  plate  is  the  "natural" 
birefringence  corrector  for  the  KD2P04 
modulators,  and  modulator  1  is  the  field-of- 
view  corrector  for  the  biaxial  errors  produced 
by  the  Pockels  effect.  Similarly,  if  the  analyz- 
er is  set  at  90°,  then  modulator  2  corrects 
the  Pockels  errors  of  modulator  1 .  (The  ana- 
lyzer could  also  be  set  at  other  orientations, 
with  the  modulated  linear  polarization  at 


±45°  from  the  analyzer  position.  This  fea- 
ture simplifies  the  alignment  of  an  instru- 
ment that  incorporates  the  polarization  mod- 
ulator.) The  ultimate  polarization  resolution 
of  the  polarization  modulator  is  limited  by 
the  accuracy  of  the  quarter-wave  plate,  the 
properties  of  the  KD2P04  crystals,  and  the 
matching  of  thickness  of  the  MgF2  plate. 

This  work  was  done  by  Edward  A.  West 
of  Marshall  Space  Flight  Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Marshall  Space  Flight  Center.  Refer  to 
MFS-28418/TN. 
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Space  Flight  Center 

Technology  Utilization 

Officer:  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 
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(205)  544-2223 

Patent  Counsel: 

Leon  D.  Wofford,  Jr. 

Mail  Code  CC01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-0024 
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Lawrence  Berkeley  Laboratory 


New  Method  Stores  Solar  Energy  Under  Ground 


Lawrence  Berkeley  Laboratory  earth  scientists  Chin-Fu  Tsang  and  Christine  Doughty  have  come  up  with  a  low- 
tech,  inexpensive  way  to  do  just  that  -  under  ground.  And  unlike  other  underground  energy  storage  systems  that 
rely  on  heating  or  cooling  subterranean  pools  of  water,  this  system  is  designed  to  heat  a  most  abundant  medium  - 
the  soil  itself. 

In  collaboration  with  Aharon  Nir  and  Eli  Korin  at  the  Ben-Gurion  University  of  the  Negev  in  Israel,  Tsang  and 
Doughty  looked  specifically  at  storing  energy  in  the  shallow  soils  of  arid,  warm  climatic  zones.  The  stored  energy 
can  be  used  for  space  heating  of  homes  and  larger  buildings,  water  heating,  or  agricultural  applications,  such  as 
heating  greenhouses. 

"In  warm  climates,"  says  Doughty,  "people  may  think  they  don't  need  this  because  winter  heating  demands  aren't 
enormous  the  way  they  are  in  cold  climates.  But  these  are  population  growth  areas  -  such  as  the  southwestern 
United  States  -  that  could  certainly  benefit  from  new  methods  of  energy  storage." 

Doughty  did  extensive  mathematical  modeling  to  arrive  at  the  best  design.  "We  varied  as  many  parameters  as  we 
could  think  of,"  she  says.  "Before  we  were  ready  to  build,  we  had  a  lot  of  knowledge  about  different  physical 
effects,  such  as  conduction,  convection,  and  the  significance  of  air-water  flow  in  soils.  For  example,  for  the 
silty  soil  studied  in  this  experiment,  conduction  is  the  main  heat-transfer  mechanism.  But  for  sandy  soils  -  which 
permit  more  water  flow  -  a  more  complicated  convective  heat-transfer  process  may  occur." 

Based  on  the  mathematical  modeling,  the  researchers  varied  geometric  factors  (such  as  the  spacing  between  wells 
and  the  length  of  the  heat  exchanger)  to  produce  the  best  results. 

The  resulting  design  was  a  closed  system  in  which  hot  water  from  a  solar  collector  is  pumped  through  an 
underground  helical  tube,  loses  its  heat  to  surrounding  soil,  and  comes  back  up  to  the  surface  much  cooler, 
ready  for  another  trip  through  the  solar  collector.  This  is  the  scenario  during  summer,  the  "charging"  period, 
when  the  supply  of  energy  exceeds  demand.  During  the  winter  or  "discharge"  period,  cool  water  is  pumped 
through  the  helix  and  is  warmed  by  heat  stored  in  the  soil. 

With  multiple  wells,  "the  model  predicts  you'll  get  out  about  70  percent  of  the  energy  you  put  in  yearly,  after  an 
initial  period  of  about  three  years,"  Doughty  says.  "By  the  fourth  year  the  stored  heat  doesn't  spread  out  so  much 
because  each  year,  as  the  soil  retains  heat,  the  temperature  difference  is  not  as  great,  and  conduction  doesn't  happen 
so  rapidly." 

FOR  ADDITIONAL  INFORMATION:  Public  Information  Department,  ATTN:  Lynn  Yarns,  Lawrence  Berkeley 
Laboratory,  Berkeley,  CA  94720;  Telephone  (415)486-5375. 
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So/ar  Energy  Research  Institute 


Records  Set  in  Solar  Cell  Efficiency 


Scientists  at  the  Solar  Energy  Re- 
search Institute  (SERI)  in  Golden,  CO 
continue  to  set  records  in  developing  a 
more  efficient  photovoltaic  (PV)  solar 
cell.  In  the  latest  breakthrough,  an  ef- 
ficiency rating  of  31.8%  was  achieved 
in  a  PV  cell  being  developed  for  use  of 
U.S.  Navy  satellites.  Most  PV  systems 
now  in  commercial  land-based  use 
have  an  efficiency  rating  of  about  12% 
to  16%.  PV  cells  have  been  used  to 
power  orbiting  satellites  and  space- 
crafts since  the  beginning  of  the  space 
program.  The  most  common  ter- 
restrial uses  today  for  PV  systems  are 
to  power  telecommunications  equip- 
ment in  remote  areas.  Utilities  are 
also  studying  PV  systems  for  electricity 
generation. 

"From  a  researcher's  point  of  view,  this 
breakthrough  gives  us  great  satisfac- 
tion," according  to  Dr.  Tim  Coutts, 
principal  scientist,  PV  Measurements 
and  Performances  Branch.  This  is  the 
first  time  we've  reached  this  PV  ef- 
ficiency level  at  SERI,  and  it's  a  very 
difficult  thing  to  do." 

PV  cells  convert  sunlight  directly  into 
electricity.  The  solar  cell  is  the  basic 
power  element  of  a  PV  system.  Each 
cell  can  have  two  or  more  specially 
prepared  layers  of  semiconductor 
material  in  which  atoms  absorb  light, 
freeing  electrons  and  creating  "holes" 
to  carry  electric  current. 

The  new  cells  are  composed  of  several 
layers  of  semiconductor  materials  that 
respond  to  different  portions  of  the 
solar  spectrum.  The  upper  layers, 
made  of  indium  phosphide,  form  a 
subcell  that  captures  the  visible  part  of 
sunlight.  The  invisible  infrared  rays 
pass  through  to  a  second  subcell  of 
material,  made  of  indium  gallium  ar- 
senide, where  they  are  also  captured 


and  converted  into  electrical  current. 
This  tandem  cell  captures  and  uses  a 
greater  percentage  of  available  sun- 
light than  a  single  cell.  The  cells  are 
prepared  monolithically;  that  is,  built 
up  layer  by  layer.  The  basic  design  of 
the  layered  cells  was  conceived  at 
SERI  by  staff  scientist  Mark  Wanlass. 
In  developing  the  new  technology, 
SERI  researchers  also  used  the  exper- 
tise of  the  computer-aided  design 
facility  at  the  National  Institute  of 
Standards  and  Technology  (formerly 
the  National  Bureau  of  Standards)  in 
Boulder. 

The  new  31.8%  efficiency  rating  was 
measured  under  light  concentrations 
equal  to  50  suns,  an  intensity  that 
could  be  duplicated  on  an  orbiting 
satellite  through  the  use  of  special  len- 
ses. The  indium  phosphide,  while 
more  expensive  than  other  PV  cell 
material,  is  more  resistant  to  extreme 
radiation,  making  it  suitable  for  ap- 
plications in  space.  Research  also  is 
under  way  to  reduce  the  cost  of  the 
materials  used  in  the  tandem  cell. 

The  current  work  on  highly  efficient, 
monolithic  tandem  cells  is  a  coopera- 
tive effort  between  SERI  and  the 
Naval  Research  Laboratory  (NRL), 
and  is  likely  to  continue  for  the  next 
three  years.  Dr.  Coutts  says  the  goal 
of  the  program  is  to  have  lightweight 
power  modules  using  the  new  PV  cells 
ready  for  Navy  testing  in  three  years. 


For  Additional  Information: 

Dana  Moran 

Solar  Energy  Research  Institute 
1617  Cole  Boulevard 
Golden,  CO  80401-3393 
(303)  231-7115 
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Technology  Application 


Sandia  National  Laboratory 

'Smart'  SolarTrak  Tracker  Improves  Control  of  Solar 
Arrays 


A  new  "smart"  solar  array  tracking  controller  that 
provides  improved  tracking  accuracy,  autonomy,  reli- 
ability, economy,  and  user-friendliness  has  been  devel- 
oped at  Sandia  National  Laboratories  as  part  of 
the  Department  of  Energy's  National  Photovoltaic 
Program. 

The  system's  software  is  being  made  available  to 
U.S.  companies  under  nonexclusive  licensing  arrange- 
ments. Power  Kinetics,  Inc.,  a  small  business  in  Troy, 
N.Y..  that  manufactures  solar  concentrators  for  govern- 
ment and  commercial  markets,  is  the  first  company  to 
receive  a  license.  Other  companies  are  expected  to 
follow. 

The  system,  called  SolarTrak,  controls  the  pointing 
of  arrays  of  solar  collectors  that  track  the  sun.  It  is 
designed  for  unattended  use  in  large  commercial  solar- 
energy  fields  or  in  single-tracker  applications — especially 
with  solar  concentrator  systems  that  require  high  point- 
ing accuracy. 

Full-day  pointing  accuracies  of  better  than  0.1  de- 
gree have  been  achieved.  SolarTrak  can  control  either 
one-axis  or  two-axis  tracking  structures. 

'A  significant  leap' 

"SolarTrak  provides  a  significant  leap  in  control 
capability,  flexibility,  and  reliability  while  providing  an 
important  reduction  in  cost  and  operator  requirements," 
says  Alexander  B.  Maish,  the  Sandian  who  developed  it. 
Maish  is  a  mechanical  engineer  in  Sandia's  Photovoltaic 
Technology  Division. 

The  system,  which  includes  both  software  and  hard- 
ware, is  a  product  of  several  years  of  development  and 
testing  at  Sandia. 

The  system  computes  the  position  of  the  sun  (to  an 
accuracy  of  0.01  degree)  based  on  time  and  location,  and 
then  controls  the  motors  driving  a  solar  tracking  array. 
As  a  result  it  tracks  accurately  regardless  of  sun/cloud 
conditions  (sun  sensors  can  be  fooled  by  reflections  from 
bright  clouds)  and  without  the  cost  and  reliability  prob- 
lems of  a  sun  sensor. 

SolarTrak  is  designed  to  operate  completely  auton- 
omously, without  a  remote  master  (central)  communica- 
tions system,  so  no  field  communication  is  required  for 
use  with  numerous  arrays.  Or  it  can  be  integrated  into  a 
field  communication  system  if  desired.  Tn  either  case, 
the  user  can  interrogate  the  controller  and  query  or  reset 


Alexander  Maish  keys  data  into  user-interface  board  connected 
to  SolarTrak  controller  (in  cubicle  in  center)  on  Sandia  photo- 
voltaic array.  System's  software  is  being  made  available  to 
companies  via  nonexclusive  licences. 


all  parameters  and  memory  locations  using  a  hand-held 
user  interface  board  that  can  be  plugged  into  a  port  on 
the  controller. 

SolarTrak  consists  of  two  software  programs,  a  con- 
trol board,  a  user-interface  board,  power  and  motor- 
interface  boards,  and  several  sensors.  Since  the  control 
algorithm  is  based  in  a  software  program,  Maish  has 
been  able  to  incorporate  sophisticated  penormance- 
enhancing  features  to  improve  reliability  and  tracking 
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accuracy  while  retaining  hardware  simplicity  and  user- 
friendliness.  Many  tasks  are  performed  automatically. 

The  control  board  uses  a  single-chip  computer,  a 
version  of  Motorola's  68HC11  microcontroller.  The 
board  is  available  in  two  versions,  one  with  32-kilobyte 
EPROM  memory  chip,  the  other  with  a  lower-cost 
12-kilobyte  internal  memory  that  may  be  attractive  for 
large-field  applications.  Either  version  also  contains 
mode-setting  toggle  switches,  a  manual  drive  joystick, 
a  battery-protected  clock/calender  chip,  and  other 
features. 

The  user  can  set  up  to  108  system  parameters  using 
a  20-key  data  entry  keypad  and  liquid  crystal  display  on 
the  user-interface  board.  These  tailor  the  control  code  to 
the  user's  system  and  needs.  The  user-interface  pro- 
gram, written  by  Sandian  James  Dudley,  provides  access 
to  these  parameters  and  to  more  than  50  status  variables 
by  means  of  a  hierarchical  menu. 

A  variety  of  features  address  common  failure  prob- 
lems. For  example,  reliability,  the  most  common  prob- 
lem in  controlling  solar  systems,  has  been  improved  by 
using  highly  integrated  circuits  to  reduce  the  number  of 
electronic  comnonents  from  several  dozen  to  five  or  ten 
(depending  upon  the  version).  Maish  points  out  that  this 
is  less  expensive,  easier  to  trouble-shoot,  and  more 
reliable  than  using  dozens  of  simple  logic  ICs. 

SolarTrak's  flexibility  of  software  "opens  an  almost 
unlimited  range  of  options  in  providing  performance 
features,"  says  Maish.  Routines  are  used  to  check  for 
failure  conditions  and  to  take  appropriate  actions.  The 
software  options  protect  the  system,  enhance  tracking 
accuracy,  and  provide  a  self-alignment  capability  for  the 
solar  structures. 

The  self-alignment  feature,  carried  out  during  in- 
stallation, is  a  unique  feature  of  SolarTrak.  If  the  solar 
collector  is  a  photovoltaic  (solar-to-electric)  concentra- 
tor array,  the  array's  own  output  provides  the  feedback. 
Otherwise,  one  can  add  a  sun  sensor  for  the  alignment. 

The  operator  initiates  the  routine  with  a  toggle 
switch,  causing  the  solar  array  to  scan  up  and  down  and 
back  and   forth  to  find   where  the  sun   really  is  and 


compares  that  to  where  it  is  calculated  to  be.  It  measures 
the  electrical  output  from  the  array's  photovoltaic  col-  t 
lectors,  which  is  maximum  when  pointing  most  accu- 
rately at  the  sun.  It  looks  at  this  pattern  throughout  the 
entire  first  day  and  uses  a  mathematical  technique  to 
find  the  best  estimate  of  the  sun's  actual  position. 

This  mathematical  adjustment  for  the  structure 
misalignment  can  save  significant  installation  labor  and 
expense  in  large  fields  of  arrays. 

Because  of  this  capability,  tracking  structures  using 
SolarTrak  need  only  be  aligned  within  a  few  degrees 
during  installation,  a  considerable  advantage.  The  con- 
troller does  the  rest.  This  self-aligning  feature  is  a 
special  mode  used  only  during  installation;  normally  no 
feedback  from  the  sun  is  required. 

SolarTrak  has  operated  reliably  on  three  different 
systems  since  November  1989.  One  is  a  125-square- 
meter  two-axis  tracking  array.  Tracking  accuracy  after 
initial  self-alignment  was  better  than  0.08  degree  over  a 
full  day. 

"Sandia's  SolarTrak  controller  provides  a  reliable, 
low-cost,  and  flexible  approach  for  using  concentrating 
solar  systems  in  commercial  applications,"  Maish  says. 

Sandia  will  soon  publish  a  report  by  Maish  on  the 
hardware  and  software  design  and  plans  to  encourage 
further  license  arrangements  by  companies  to  use  the 
software.  These  license  arrangements  are  made  possible 
by  a  waiver  granted  Sandia  by  the  U.S.  Department  of 
Energy.  Companies  interested  in  nonexclusive  licenses  ( 
can  contact  Maish  or  David  J.  Salazar  in  Sandia's 
Technology  Transfer  Agreements  Division.  □ 
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Making  Ultrathin  Solar  Cells 

Thin,  efficient  cells  are  fabricated  without  breakage  or  special  handling. 


A  process  produces  extremely  thin 
silicon  solar  cells  —  only  50  ^m  or  less  in 
thickness.  Conventional  solar  cells  are  300 
fjtm  or  more  in  thickness.  Because  the  new 
cells  are  so  thin,  electrons  and  holes  have 
less  opportunity  to  recombine  before  they 
are  collected  at  the  cell  surfaces.  Efficien- 
cy is  therefore  higher  than  in  conventional 
solar  cells.  Moreover,  because  the  volume 
of  silicon  is  small,  there  is  less  chance  of 
radiation  damage  in  the  new  cells. 

Thin  solar  cells  are  more  fragile.  There- 
fore, the  initial  steps  in  the  new  process  are 
carried  out  at  normal  thickness  to  reduce 
breakage  and  avoid  the  extra  cost  of  spe- 
cial handling.  The  cells  are  then  thinned 
mechanically  and  chemically. 

The  final  cell  includes  a  reflective  layer 
on  the  back  surface.  The  layer  bounces 
unabsorbed  light  back  into  the  bulk  silicon 
so  that  it  can  be  absorbed  and  produce 
useful  electrical  output. 

Standard  techniques  are  used  in  the  first 
stage  of  the  process.  An  oxide  layer  is 
grown  on  the  front  surface  of  a  p-type  sili- 
con wafer  350  ^m  thick  (see  figure).  A  hole 
is  etched  in  the  oxide,  and  an  n-type  dopant 
is  deposited  through  the  hole,  forming  a  p/n 
junction  in  the  wafer.  A  passivating  thin  ox- 


ide layer  is  grown  over  the  n-type  layer. 
Contact  holes  are  etched  in  the  thin  oxide. 
Metal  is  deposited  over  the  wafer,  filling  the 
holes.  The  metal  is  etched  into  a  comb- 
shaped  interconnection  grid.  An  antireflec- 
tion  coat  of  tantalum  oxide  and  aluminum 
oxide  layers  is  deposited  on  the  thin  oxide. 
As  the  final  step  in  this  stage,  a  layer  of 
sintered  aluminum  is  formed  on  the  back 
surface  so  that  the  cell  can  be  tested. 

In  the  next  stage,  a  cover  glass  is  bond- 
ed with  an  adhesive  to  the  front  surface  of 
the  wafer.  The  cover  glass  may  be  coated 
to  improve  its  transmission  of  visible  light 
and  reflect  unwanted  ultraviolet  radiation. 
The  adhesive  is  a  clear,  ultraviolet-resistant 
material  such  as  a  commercial  fluoropoly- 
mer  adhesive. 

In  the  third  and  final  stage,  the  back  of 
the  wafer  is  ground  in  a  conventional  sili- 
con-wafer-grinding machine  to  a  thickness 
of  about  100  ^m.  The  back  surface  is 
polished  in  a  ceramic  distortion-free  vacu- 
um chuck  until  it  is  smooth  within  ±3  pirn 
across  its  3-in.  (7.6-cm)  diameter.  The  back 
surface  is  etched  in  potassium  hydroxide 
solution  until  the  thickness  of  the  wafer  is 
reduced  to  50  \xn.  A  final  etch  in  mixed 
hydrofluoric  and  nitric  acids  removes  1,000 
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Prepared  in  three 
stages.  The  principal 
innovations — apply- 
ing a  cover  glass  and 
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its  cover-glass  sup- 
port— appear  in  the 
middle  and  final. 
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to  2,000  A  from  the  back,  producing  a 
clean  surface. 

A  highly  doped  ohmic-contact  layer  is 
formed  on  the  back  by  the  following  steps: 
First,  a  layer  of  amorphous  silicon  contain- 
ing 20  to  50  weight  percent  of  boron  do- 
pant is  deposited  on  the  back  to  a  thick- 
ness of  50  to  500  A.  Then  the  layer  is 
melted  with  a  pulsed  laser  beam  so  that  it 
diffuses  partially  into  the  bulk  silicon,  form- 
ing a  thin  alloy  layer.  This  second  step  is 
carried  out  by  moving  the  wafer  in  a  vacu- 
um chuck,  step  by  step  after  each  laser 
pulse,  until  the  entire  back  surface  has 
been  scanned. 

Apulsedexcimerorneodymium:yttrium 
aluminum  garnet  (YAG)  laser  is  used.  The 
energy  density  in  the  beam  is  kept  low  —  1 
to  3  J/cm2  —  so  that  the  beam  penetrates 
the  wafer  only  slightly.  It  therefore  does  not 
damage  the  crystal  structure  (and  create 
recombination  centers) as  ion  implantation 
or  laser  annealing  would.  In  addition,  the 
laser  pulses  are  kept  short  —  about  50 
ns  —  so  that  they  do  not  overheat  the 
adhesive  on  the  front.  The  temperature  of 
the  adhesive  bond  should  not  exceed 
150  °C,  even  briefly. 

A  dielectric  layer  is  deposited  on  the 
back  ohmic  layer.  The  layer  is  formed  from 
the  decomposition  of  silane  and  ammonia 
in  a  plasma,  at  a  temperature  of  about 
100  °C  Contact  holes  are  etched  in  the 
dielectric  layer.  Finally,  a  layer  of  aluminum 
is  deposited  on  the  back  surface  and  into 
the  contact  holes.  The  aluminum  layer 
serves  as  both  a  reflector  of  light  and  an 
electrical  contact  to  the  back  face. 

This  work  was  done  by  George  W. 
Cogan,  Lee  A.  Christel,  J.  Thomas  Mer- 
chant, and  James  F.  Gibbons  of  SERA 
Solar  Corp.  for  NASA's  Jet  Propulsion 
Laboratory. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title 
to  this  invention.  Inquiries  concerning 
rights  for  its  commercial  use  should  be 
addressed  to 

George  W.  Cogan 

General  Manager 

SERA  Solar  Corporation 

3131  Jay  Street 

Santa  Clara,  CA  95054 
Refer  to  NP0-17798/TN. 
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Technology  Application 


Lawrence  Livermore  National  Laboratory 


Firefighter  Respirators 


A  scientist  at  Lawrence  Livermore  Na- 
tional Laboratory  (LLNL)  has 
developed  a  respiratory  device  to  aid 
firefighters  who  face  a  variety  of  medi- 
cal problems  in  their  skirmishes 
against  wildland  fires. 

LLNL  industrial  hygienist  Jim  Johnson 
has  created  a  new  type  of  air  purifying 
respirator  from  an  industrial  respirator 
currently  in  use  by  the  LLNL  fire 
department  for  wildland  fires. 

The  industrial  respirator  is  a  full-face 
mask  that  has  been  converted  from  a 
self-contained  breathing  apparatus, 
and  it  includes  a  filter  attachment 
(available  on  the  market).  Weighing 
barely  over  a  pound,  the  respirator 
eliminates  99-plus  percent  of  particu- 
late exposure. 

According  to  Johnson's  colleague, 
Laboratory  Assistant  Fire  Chief  Mike 
Magee,  "Wildland  firefighters  go  into 
fires  with  only  a  wet  bandanna  cover- 
ing their  mouth  and  nose.  They  think 
the  bandannas  will  work  as  a  filter  for 
the  smoke.  Instead,  the  firefighters 
breathe  large  quantities  of  particulates 
and  carbon  monoxide,  causing  them  to 
think  unclearly,  which  can  result  in  the 
loss  of  lives." 

Johnson  and  Magee  said  they  have 
talked  for  years  about  developing  some 
type  of  breathing  apparatus  that  would 
reduce  firefighter  exposure  to  most 
particulates  while  giving  them  clean  air 
to  breathe. 

For  the  past  five  years,  the  Labora- 
tory's firefighters  responding  to  wild- 
lands  fires  have  used  the  industrial  air 
purifying  respirator.  This  respirator 
resolves  many  of  the  numerous  com- 
plaints of  wildlands  firefighters. 

Since  implementing  the  use  of  the 
respirators,      Laboratory      firefighters 


have  reported  that  respiratory 
problems  and  eye  irritation  have 
decreased  significantly  or  are  com- 
pletely eliminated. 

According  to  Johnson,  there  are  some 
drawbacks  to  the  respirators.  "There 
is  some  breathing  resistance  because 
the  firefighters  have  to  pull  the  air 
through  the  filtration  element.  Con- 
cern has  been  raised  by  the  regulatory 
people  about  that  aspect  of  the 
respirator.  But  you  don't  receive  any- 
thing for  free.  You  have  to  stand  back 
and  consider  what  benefits  are  being 
added.  The  firefighters  that  have  used 
the  respirator  are  very  impressed,  and 
they  will  adjust  their  work  habits  and 
exertion  levels  to  accommodate  the 
respirator." 

The  respirators  are  also  being 
employed  by  the  Brevard  County  Fire 
and  Rescue  Department,  Merritt  Is- 
land, Florida.  Battalion  Chief  Jeff 
Money  said  several  firefighters  spent 
their  own  money  to  buy  the  equipment 
last  year.  "The  post-brushfire  head- 
aches are  gone,  as  well  as  respiratory 
and  eye  irritation,"  Money  said. 

The  next  step,  according  to  Livermore 
researcher  Johnson,  is  to  improve  the 
performance  of  the  respirators.  He 
has  developed  a  new  prototype 
respirator  that  incorporates  an 
electrochemical  sensor  for  measuring 
carbon  monoxide.  To  expedite  the 
sensor  development  work,  Johnson  has 
utilized  the  expertise  of  Dr.  Joe  Stetter 
from  Transducer  Research,  Inc.  "This 
'smart'  air  purifying  respirator 
provides  the  user  with  real-time 
monitoring  for  carbon  monoxide," 
Johnson  said. 

While  carbon  monoxide  is  not 
eliminated  by  the  filter,  it  is  monitored 
by  the  sensor,  which   can   activate  a 
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warning  light  if  levels  get  too  high. 

Johnson's  hope  is  that  these 
respirators  will  eventually  be  approved 
by  the  National  Institute  for  Occupa- 
tional Safety  and  Health  and  the 
National  Fire  Protection  Association 
for  wildlands  firefighting.  Until  then, 
after  review  by  the  Department  of 
Energy  Respirator  Advisory  Commit- 
tee, they  wiil  be  used  for  wildland  fires 
by  Laboratory  firefighters  because 
there  are  currently  no  requirements 
regulating  the  use  of  respiratory  equip- 
ment in  these  fires. 

In  the  future,  Johnson  noted  he  would 
like  to  expand  the  concept  of  "smart" 
air  purifying  respirators  to  overhaul 
functions     in     structural     firefighting. 


Two  prototype  units  have  already  been 
made  that  incorporate  a  carbon 
monoxide  and  oxygen  deficiency 
monitoring  system  into  the  respirator. 
If  accepted  and  certified,  these  devices 
will  remove  approximately  20  to  25 
pounds  from  the  firefighters'  essential 
equipment.  Improved  duration  and 
less  physical  stress  will  result  from  this 
quantity  of  weight  reduction. 

For  Additional  Information: 

Chuck  Miller 

Lawrence  Livermore  National  Laboratory 

U.S.  Department  of  Energy 

P.O.  Box  5507 

Livermore,  CA  94550 

(415)422-6416 
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Improved  Coal  Mine  Entry  Intersection  Stability 


Objective 

Develop  design  and  support  guidelines  for  coal  mine 
entry  intersections  based  upon  results  of  integrated  field 
and  numerical  modeling  analyses  of  structural  parameters 
for  improving  ground  stability. 

Background 

Underground  coal  mines  contain  a  large  number  of 
entry  intersections.  Dome-shaped  zones  over  the  inter- 
sections are  unstable  and  are  often  associated  with  roof 
falls.  These  roof  falls  may  occur  during  mine  develop- 
ment, trapping  equipment  and  endangering  miners.  These 
high-risk  areas  of  the  mine  account  for  30  pet  of  the  total 
number  of  ground-failure-caused  fatalities.  The  falls, 
ranging  from  heights  of  1  to  20  ft,  cause  high  dilution  and 
slow  the  advance  rates. 

Stability  at  intersections  is  influenced  by  four  struc- 
turally interrelated  parameters:  in  situ  stress,  geological 
discontinuities  and  physical  properties,  intersection  geom- 
etry, and  roof  span.  Because  of  the  complex  interaction  of 
these  parameters,  the  actual  mechanism  of  roof  failure 
may  vary  considerably,  depending  upon  the  roof  lithology, 
rock  strength,  and  stress  conditions. 

Approach 

The  Bureau  of  Mines,  in  cooperation  with  the  mining 
industry,  conducted  field  research  at  three  underground 
room-and-pillar  coal  mines  with  overburden  depths  rang- 
ing from  360  to  1,400  ft.   Comprehensive  instrumentation 


programs  were  implemented  at  four-way  intersections  to 
obtain  stress  and  ground  movement  data. 

A  Bureau  numerical  model,  based  on  the  finite- 
difference  method,  was  used  in  conjunction  with  field 
instrumentation  programs  to  characterize  the  structural 
behavior  of  intersections.  The  model  simulated  the 
behavior  of  stacked  horizontal  plates  supported  by 
arbitrarily-shaped  pillars  under  various  vertical  and  hor- 
izontal loading  conditions.  Bolt  patterns  were  simulated 
by  varying  the  shear  strength  at  specific  points  on  the 
interfaces  between  bolted  layers.  A  measure  of  relative 
stability  is  given  by  the  vertical  load  at  which  a  particular 
area  of  the  roof  fails  as  slippage  between  layers. 

Test  Results 

Analyses  of  data  collected  from  the  in-mine  instru- 
ments, and  results  from  the  three-dimensional  numerical 
modeling  study,  were  integrated  to  formulate  a  typical  roof 
failure  mechanism  and  to  evaluate  the  effectiveness  of 
alternative  support  systems  for  improving  ground  stability. 
The  failure  mechanism  can  be  described  as  a  combined 
action  of  shear  and  flexural  failures  that  occur  as  the  im- 
mediate roof  separates  and  become  cantilevered.  Failure 
begins  when  slippage  starts  between  roof  layers  at  the  ribs. 
This  results  in  shear  failure  above  the  pillar  edges,  which 
progresses  nearly  vertically  over  the  entries  and  inter- 
section. As  the  shear  zone  develops,  roof  layers  succes- 
sively detach  and  fail,  forming  a  dome-type  roof  fall.  Most 
observed  failures  occurred  when  the  cantilevered  beam 
was  aligned  with  the  major  horizontal  principal  stress 
direction. 


SECTION  A-A' 
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Typical  failure  mechanism  for  dome-type  roof  falls  in  four-way 
coal  mine  Intersections. 
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Improved  support  concepts  and  development  sequence. 


The  improved  support  concept  uses  standard  support 
components  and  practical  modifications  and  applies  these 
to  conventional  mining  and  support  practices.  Because 
of  the  large  volume  of  rock  within  the  failure  dome, 
suspension-type  support  systems  are  impractical,  and  sup- 
port must  be  achieved  by  using  beam-building  principles. 
Installing  long  bolts  along  pillar  ribs  proved  beneficial  in 
increasing  stability;  however,  substituting  long  bolts  at  the 
center  of  the  intersection  had  little  effect. 

The  figure  illustrates  the  following  three  control  tech- 
niques. Descriptions  of  the  suggested  support  concepts 
and  development  sequence  for  improved  intersection  in- 
tegrity are  also  depicted. 

1.  Prompt  support  installation 

-  Install  bolts  promptly  after  mining. 

-  Install  truss  bolts  systems  as  required;  however, 
these  systems  should  be  installed  in  cycle. 

Monitor  local  failure  areas,  shear  and  slip  zones,  and 
install  additional  support  promptly. 

2.  Control  failure  progression 

-  Use  beam-building  roof  bolting  techniques. 

-  Install  longer  or  angled  bolts  at  the  pillar  edges  and 
corners  to  intersect  potential  shear  zones  and  control  roof 
layer  separation. 

-  Install  larger  or  higher  grade  (Grade  >60)  bolts  at 
the  pillar  edges  to  properly  control  movement.  The  use  of 
longer  or  higher  grade  bolts  in  the  center  of  the  inter- 
section is  probably  unnecessary. 


3.    Minimize  diagonal  roof  span 

Develop  crosscuts  in  a  direction  away  from  the  di- 
agonal aligned  with  major  horizontal  stress  to  minimize 
roof  span  on  the  critical  intersection  diagonal. 

-  Continue  crosscut  development  into  adjacent  entries 
to  reduce  pillar  corner  rounding  and  minimize  diagonal 
roof  span. 

-  If  possible,  develop  crosscuts  continuously  across 
several  entries  to  reduce  the  number  of  rounded  corners. 

To  adapt  the  suggested  control  guidelines  to  site- 
specific  conditions,  the  engineer  must  determine  the  mech- 
anism of  failure,  considering  the  four  critical  parameters, 
and  implement  measures  to  control  those  parameters  di- 
rectly responsible  for  observed  failure  behavior. 

For  More  Information 

Several  papers  related  to  this  subject  have  been  pre- 
sented by  Bureau  personnel  at  national  and  international 
symposia  and  are  published  in  the  respective  proceedings. 
For  information  about  obtaining  copies  of  these  papers  or 
for  additional  technical  information,  please  contact: 

Kanaan  Hanna  or  David  P.  Conover 

U.S.  Bureau  of  Mines 

Denver  Research  Center 

Building  20,  Denver  Federal  Center 

Denver,  CO    80225 

Tel:    (303)  236-7563  or  (303)  236-0794 
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Improved  Boiler  Water  Treatment 


Navy  researchers  and 
engineers  have  developed  a  boiler 
water  treatment  system  that  is 
expected  to  save  the  Navy  one 
billion  dollars  in  maintenance  and 
man-hour  service  costs  over  the 
next  15  years. 

Chemical  research  studies 
were  performed  at  the  Naval 
Research  Laboratory  (NRL), 
Washington,  D.C.,  using 
tetrasodium  ethylenediamine- 
tetraacetate  (Na4EDTA),  in  water 
environments  under  extreme 
conditions  of  high  temperatures 
and  pressures. 

After  considerable  research, 
tests,  evaluations,  and  excellent 
results  from  four  trial  ships,  the 
boiler  water  treatment  based  on  an 


Na4EDTA  and  hydrazine  process 
was  implemented.  It  was 
demonstrated  that  the  use  of 
Na4EDTA  to  clean,  in  situ,  high- 
pressure  steam  boilers  could 
extend  the  normal  1,800  hours  of 
operation  between  cleanings  to 
15,000  to  20,000  hours,  and  would 
be  beneficial  when  boilers  were 
shut  down  for  long  periods  of  time. 

For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

CodeE211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  150905/TN 
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Low-Thermal-Stress  Structural  Joints  for  Dissimilar  Materials 

Such  joints  accommodate  differential  thermal  growth  between  parts  of  dissimilar  materials. 


There  is  a  need  for  structural  joints  that 
can  transmit  large  loads  between  dissimi- 
lar materials  and  that  can  be  used  over  a 
broad  range  of  temperatures  without  intro- 
ducing large  thermal  stresses.  For  exam- 
ple, control  surfaces  for  hypersonic  aircraft 
require  the  transmission  of  large  torque 
loads  from  hot  aerodynamic  surfaces  to 
relatively  cool  wing  structures.  The  joint 
systems  of  such  control  surfaces  must  en- 
sure fixed  attachment  points  while  permit- 
ting differential  growth  at  joints  between 
parts  made  of  dissimilar  materials.  When 
design  techniques  appropriate  to  conven- 
tional low-temperature  structures  are  ap- 
plied to  such  control  surfaces,  they  result 
in  large  thermal  stresses  or  the  use  of  rela- 
tively-large-diameter fasteners,  high  at- 
tachment/hole stresses,  and  large  differ- 
ential movements  between  parts.  These 
results,  in  turn,  give  rise  to  the  need  for  a 
complex  structural  arrangement  for  the  re- 
distribution of  loads  through  the  vehicles  or 
components. 

A  structural  joint  has  been  developed  for 
the  attachment  of  a  hypersonic  control  sur- 
face to  an  aircraft  wing  structure.  The  joint 
can  transmit  large  torque  loads  from  the 
composite  control  surface  and  torque  tube 
(see  figure)  to  the  wing  structure  through  a 
metallic  attachment  lug  and  collar.  The 
torque  load  is  transmitted  from  the  tube  to 
the  collar  by  a  series  of  radially  oriented 
cleats.  The  bearing  surfaces  of  the  cleats 
are  in  a  plane  passing  through  the  center- 
line  of  the  torque  tube. 

Heating  the  system  causes  only  radial 
growth  of  both  the  tube  and  the  collar 
Thus,  even  though  the  torque  tube  and  the 


Applied  Torque 


Force  From 
Actuator 


Hinge 


Composite-Material 
e.g.,  Advanced  Carbon/ 
Carbon)  Torque  Tube 


Cleats  Retain  Angular  Alignment  and  Remain  Radially  Convergent  through  the  center  as 
parts  expand  differentially.  Thus,  all  cleats  become  loaded  equally. 


collar  may  have  different  coefficients  of 
thermal  expansion,  differential  thermal 
growth  between  the  tube  and  the  collar  is 
in  a  radial  direction  and  does  not  cause 
high  thermal  stresses  or  a  loose  joint.  Pro- 
vided that  the  materials  are  isotropic,  the 
joint  does  not  have  any  thermal  stresses 
when  it  is  uniformly  heated  or  cooled.  If  the 
materials  have  different  coefficients  of 
thermal  expansion  in  the  in-plane  and 
through-the-thickness  directions,  some 
thermal  stresses  may  be  produced  by  uni- 
form heating  or  cooling  of  the  joint,  but  the 
thermal  stresses  should  be  low. 
This  concept  has  potential  for  applica- 


tion to  high-temperature  structural  joints 
associated  with  hypervelocity  vehicles;  for 
example,  control  surfaces,  wing-to- 
fuselage  joints  and  engine  mounts  of  the 
National  Aerospace  Plane  and  planetary 
entry  vehicles.  Of  particular  interest  are 
highly  loaded  joints  between  dissimilar  ma- 
terials that  are  expected  to  experience 
high  temperatures. 

This  work  was  done  by  Edward  C.  Matza 
of  LTV  Corp.  for  Langley  Research  Cen- 
ter. No  further  documentation  is  available. 
Refer  to  LAR-14008/TN. 
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Preventing  Ventilation  on  Sailboard  Skegs 

Significant  reductions  in  drag,  combined  with  prevention  of 
ventilation,  would  contribute  to  high  performance. 


A  design  effort  has  been  undertaken  to 
solve  the  spinout  problem  that  plagues 
high-performance  sailboards.  Spinout  is 
characterized  by  the  sudden  loss  of  lateral 
lift  on  the  sailboard  skeg.  The  sailboard 
skeg  is  a  vertical  fin  on  the  bottom  of  a 
sailboard  hull  (see  figure).  It  is  a  lift- 
producing  device  used  to  maintain  equili- 
brium while  the  hull  is  underway  by  coun- 
terbalancing the  lateral  component  of  the 
sail  force.  Ventilation  is  a  common  phe- 
nomenon that  drastically  reduces  the 
amount  of  lift  produced  by  the  sailboard 
skeg.  When  ventilation  occurs,  the  result- 
ing unbalanced  lateral  sail  force  causes 
the  sailboard  hull  to  slide  sideways. 

Three  conditions  are  required  for  venti- 
lation: first,  there  must  be  a  low-momen- 
tum space  formed  by  boundary-layer  sepa- 
ration; second,  the  separated  region  must 
be  at  subambient  pressure;  third,  there 
must  be  atmospheric  air  in  contact  with 
this  separated,  low-pressure  region.  If  all 
three  conditions  are  met,  air  displaces  the 
water  on  the  low-pressure  side  of  the 
sailboard  skeg,  destroying  the  skeg  lift.  The 
disadvantage  of  all  previous  methods  for 
preventing  ventilation  is  the  higher  drag 
associated  with  the  generation  of  a  vortex 
or  turbulent  flow.  A  proposed  direct  solu- 
tion to  this  skeg-ventilation  problem  would 
significantly  decrease  the  skeg  drag. 

The  proposed  skeg  section  has  been 
designed  by  use  of  a  computer  model  of 
the  pressure  field  and  boundary  layer.  This 
skeg  section  would  prevent  ventilation  by 
maintaining  attached  boundary-layer  flow 
throughout  the  operating  environment. 
Computed  drags  are  17  to  29  percent 
below  those  of  commonly  used  symmetri- 
cal NACA  airfoil  sections.  The  large  reduc- 
tions in  computed  drag  result  from  the 
maintenance  of  laminar  flow  over  62  per- 
cent of  the  section  chord  while  the  sail- 
board is  on  the  most-frequently-used 
points  of  sail.  Cavitation,  another  phenom- 
enon that  contributes  to  spinout,  would  be 
avoided  by  preventing  valleys  in  the 
pressure  distribution  while  the  skeg  is  op- 
erated throughout  its  range. 

This  type  of  foil  section  is  also  conducive 
to  long  lengths  of  laminar  flow.  The  lower 
skin-friction  drag  associated  with  laminar 
flow  and  the  lower  pressure  drag  associ- 
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Skeg  Ventilation  Causes  Unbalanced  Lateral  Forces  on  the  sailboard,  resulting  in  spinout. 
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ated  with  attached  flow  are  expected  to 
result  in  lower  overall  drag,  with  conse- 
quent large  improvements  in  perform- 
ance. 

This  work  was  done  by  Richard  A. 
Caldwell  of  George  Washington  University 
for  Langley  Research  Center  No  further 
documentation  is  available. 

In  accordance  with  Public  Law  9&517, 
the  contractor  has  elected  to  retain  title  to 
this  invention.  Inquiries  concerning  rights 
for  its  commercial  use  should  be  ad- 
dressed to 

Richard  A.  Caldwell 

President,  Race  Technology,  Inc. 

2280  Avocado  Ave.,  No.  11 

Melbourne,  PL  32935 
Refer  to  LAR-14008/TN 


Langley  Research  Ctr. 

Technology  Utilization 
Officer  John  Samos 
Mail  Stop  139A 
Hampton,  VA  23665 
Patent  Counsel 
George  F.  Helfnch 
Mail  Code  279 
Hampton,  VA  23665 
(804)  864-3523 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240,  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


I 


IWNSATech  Brief 


Mational  Aeronautics  and 
Space  Administration 


Measurements  of  Shock- 
Separated  Turbulent 
Boundary  Layers 

Data  are  tabulated  to 
facilitate  comparison 
with  other  measurements 
and  computations. 

A  report  documents  surface  and  flow- 
field  measurements  of  two-  and  three- 
dimensional,  shock-separated,  turbulent 
boundary  layers.  Each  test  case  consisted 
of  an  axisymmetnc  boundary  layer  flowing 
over  a  5.02-cm-diameter  cylinder  whose 
axis  was  aligned  with  the  wind-tunnel  axis. 
A  30°-half-angle  conical  flare,  mounted  on 
the  cylinder  1  m  downstream  of  the  nose, 
compressed  the  boundary  layer,  resulting 
in  a  shock  wave  and  separation.  Inclining 
the  flare  axis  at  an  angle  (a)  greater  than 
zero  to  the  cylinder  axis  created  a  three- 
dimensional  interaction.  The  nominal  test 
conditions  included  the  following:  a  total 
pressure  of  1.7  atm  (172  kPa),  a  total  tern-' 
perature  of  265  K,  a  free-stream  mach 
number  of  2.85,  and  a  free-stream  Reyn- 
olds number  of  16  million  per  meter.  The 


incoming  boundary  layer  thickness  was  1 .1 
cm. 

Measurements  were  made  for  the  ax- 
isymmetric  case  {a  -  0)  and  for  two  three- 
dimensional  flows  (a  =  5°  and  10°).  Two- 
color  laser  Doppler  velocimetry  was  used 
to  obtain  velocity-field  data,  while  an  ar- 
ray of  surface  taps  on  the  cylinder  and 
flares  provided  static  pressures.  Shadow- 
graphs and  oil-flow  patterns  were  used  to 
visualize  the  shock  interactions  and  sur- 
face flows,  respectively. 

For  each  of  the  three  cases  (a)  studied, 
the  report  presents  in  tabular  form  pressure, 
mean  velocity,  and  turbulence  data  obtain- 
ed at  several  streamwise  locations.  Only 
data  from  the  azimuthal  plane  of  symmetry 
—  where  the  mean  azimuthal  velocity  is 
assumed  to  be  zero  —  are  presented.  The 


report  also  shows  the  shock-interaction 
shadowgraph  and  oil-flow  pattern  for  each 
angle.  Finally,  plotted  profiles  are  given  for 
pressures,  velocities,  Reynolds  stresses, 
and  turbulent  kinetic  energies. 

This  work  was  done  by  J.  D.  Brown,  J. 
L  Brown,  and  MJ.  Kussoy  of  Ames  Re- 
search Center 

Price  Code:  A06  "A  Documentation  of 
Two-  and  Three-Dimensional  Shock- 
Separated  Turbulent  Boundary  Layers." 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone  No. 
(703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling  (800) 
336-4700  ARC-12298/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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Three-Zone  Programmable  Temperature  Controller 

Heating  by  direct  current  assures  low  electrical  noise. 


A  microprocessor-based  controller  (see 
figure)  regulates  the  electrical  power  sup- 
plied to  the  heater  in  each  zone  of  a  three- 
zone  directional-solidification  furnace.  Al- 
though it  is  intended  primarily  for  use  in 
microgravity  experiments  aboard  a  KC-135 
airplane,  the  controller  can  also  be  used  on 
the  ground.  In  either  environment,  it  offers 
the  advantage  of  low  electrical  noise  and 
consequent  minimal  interference  with  the 
low-level  signals  put  out  by  thermocouples 
and  other  sensors  used  in  the  experiments. 
This  advantage  is  achieved  by  heating  with 
direct  (instead  of  alternating)  current  and  not 
pulsing  the  heating  current. 

The  controller  adjusts  the  current  to  each 
heater  (0  to  6  A)  by  adjusting  the  voltage 
applied  to  the  gates  of  a  pair  of  parallel  metal 
oxide/semiconductor  field-effect  transistors. 
Because  they  are  intended  to  operate  in  the 
active  regions  of  their  current-vs.-voltage 
characteristics,  the  power  transistors  are 
mounted  on  heat  sinks.  The  control  signals 
are  generated  by  a  digital  central  proces- 
sing unit,  fed  through  a  digital-to-analog  con- 
verter, then  fed  to  three  operational  amplifi- 
ers of  gain  2,  then  to  the  power  transistors. 

The  central  processing  unit  (CPU)  includes 
an  8085  complementary  metal  oxide/semi- 
conductor (CMOS)  microprocessor  and  two 
CMOS  electrically  programmable  read-only 
memories  (EPROM's).  Thermocouple  sig- 
nals that  indicate  the  temperatures  in  the 
three  zones  of  the  furnace  are  fed  to  three 
digital  temperature-display  units  and  to  the 
CPU  through  an  analog-to-digital  converter. 
The  digitized  temperature  signal  from  each 
zone  is  averaged  over  16  consecutive  sam- 
pling periods,  then  fed  to  the  CPU,  which 
compares  it  with  the  specified  zonal  tem- 
perature and  commands  an  adjustment  of 
the  corresponding  heater  current  to  bring 
the  temperature  toward  the  specified  value. 

The  operator  communicates  with  the  con- 
troller via  a  keyboard  on  a  serial-communica- 
tion unit.  When  the  controller  is  first  turned 
on,  control  software  in  the  EPROM's  sets 
the  initial  operating  mode.  The  operator  is 
prompted  to  specify  the  temperature  for 
each  zone.  To  prevent  premature  burnout 
by  limiting  the  maximum  current  applied  to 
each  heater,  the  software  limits  the  com- 
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The  Temperature  Controller  provides  proportional  control  of  the  dc  heater  current  in  each  heater 
in  a  three-zone  furnace. 


manded  rate  of  increase  of  temperature  in 
each  zone  to  about  Vz  °C/s.  At  any  time,  the 
operator  can  press  the  "escape"  key,  caus- 
ing the  controller  to  turn  off  the  heater  cur- 
rents and  ask  the  operator  to  specify  new 
zonal  temperatures. 

This  work  was  done  by  Guy  A.  Smith 
and  L  Workman  of  the  University  of 
Alabama  in  Huntsville. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Marshall  Space  Flight  Center.  Refer  to 
MFS-28435/TN. 


George  C.  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer:  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 

Patent  Counsel: 

Leon  D.  Wofford,  Jr. 

Mail  Code  CC01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-0024 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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Computer  Program  to  Calculate  Vertical  Stress 


Objective 

Develop  a  means  for  estimating  vertical  stress 
conditions  in  or  around  an  underground  mine  so  that 
appropriate  measures  for  ground  control  can  be  taken 
before  hazardous  conditions  arise. 

Background 

High  vertical  stress  in  an  underground  mine  could  cause 
or  enhance  hazardous  ground  control  conditions  which 
might  lead  to  accidents,  fatalities,  and  loss  of  reserves. 
An  understanding  of  the  vertical  stress  conditions  at  the 
mining  level  would  allow  a  mine  operator  to  take  pre- 
cautions that  will  minimize  the  occurrence  of  ground 
control  problems.  A  knowledge  of  the  underground  stress 
conditions  prior  to  mining  could  be  used  as  an  aid  in 
future  mine  plan  development  to  avoid  or  minimize 
ground  control  problems. 

Approach 

The  Bureau  of  Mines  developed  a  computer  program 
for  calculating  the  vertical  stress  resulting  from  the 
pressure  of  overlying  rock  masses  on  a  mine  or  geologic 
surface  at  various  depths. 

How  It  Works 

The  Bureau  of  Mines  computer  program  for  stress  cal- 
culation reads  two  data  files  containing  elevation  values. 
Each  elevation  value  is  pre-referenced  in  a  cartesian 
coordinate  system.  The  first  file  is  a  Digital  Elevation 
Model  (DEM)  of  the  study  area.    DEM  data,  obtained 


o 


from  the  U.S.  Geological  Survey  (USGS),  consist  of 
digitized  topographic  elevations.  The  second  data  file  con- 
tains elevations  of  a  stratigraphic  horizon  at  depth,  such  as 
a  coal  seam.  The  second  data  set  is  generated  by  a  com- 
puter mapping  program  from  drill  log  and/or  outcrop  in- 
formation. The  thickness  of  overburden  at  depth  is  calcu- 
lated by  subtracting  the  elevation  values  of  the  second  data 
set  from  elevation  values  of  the  first  data  set.  From  the 
thickness  of  overburden,  stress  vectors  influencing  a  point 
on  the  surface  at  depth  are  calculated.  The  output  file  is 
a  set  of  vertical  stress  values  exerted  by  the  overburden  on 
a  surface  at  depth.  The  stress  values  can  be  contoured  to 
produce  a  map  of  the  vertical  stress  induced  upon  the 
horizon  in  question. 

Included  in  the  stress  calculation  is  the  effect  of  stress 
induced  by  topographic  features  some  horizontal  distance 
from  the  subsurface  point  of  calculation.  Boussinesq 
designed  a  model  for  continuous  stress  distribution  from 
a  vertical  load  to  horizontal  surfaces  beneath  the  load. 
Boussinesq's  equation  has  been  adapted  for  use  in  the 
stress  calculation  program. 

The  vertical  stress  due  to  overburden  has  been  calcu- 
lated for  a  coal  seam  (surface  at  depth)  at  a  selected  mine 
site  in  Alabama.  The  analysis  identified  areas  of  relatively 
higher  vertical  stress  than  was  anticipated.  If  such  a  stress 
calculation  is  performed  prior  to  mining,  this  information 
can  be  used  for  mine  planning  by  identifying  potential 
problems  areas  before  they  are  encountered  by  mining. 
The  results  of  the  calculated  vertical  stress  were  compared 
to  direct  stress  measurements  based  on  1.1  psi  per  foot  of 
overburden  calculations.  The  calculated  stress  map  is 
shown  in  figure  1,  with  the  direct  stress  map  shown  in  fig- 
ure 2.  Notice  that  the  direct  stress  method  shows  zones  of 
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Figure  1.— Calculated  stress  map. 
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Figure  2.— Direct  stress  map. 
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abrupt  stress  changes  that  do  not  occur  in  the  calculated 
stress  map.  The  table  contains  some  test  point  values  for 
which  direct  and  calculated  stress  are  listed.  The  direct 
stress  method  overestimates  vertical  stress  at  some  points 
and  underestimates  stress  at  other  points.  With  the  new 
stress  calculation  method,  the  changes  in  vertical  stress 
with  variation  in  topography  are  moderated  at  depth. 

Testing  the  Program 

The  results  of  the  stress  calculation  program  were 
compared  to  vertical  stresses  measured  at  three  locations 

Table— Stress  values  calculated  at  study 
area  study  points,  psl 


in  the  Henderson  Mine  in  Colorado  using  the  U.S.  Bureau  i 
of  Mines  three-component  borehole  gauge.  The  compari- 
son revealed  that  there  is  no  statistical  difference  be- 
tween the  calculated  and  measured  vertical  stresses  at  a 
95%  confidence  level. 


Direct  Stress 

Calculated  Stress 

1917.6 

2084.3 

2520.0 

2429.2 

2414.3 

2416.4 

2233.2 

2191.5 

1913.1 

2089.1 

2623.8 

2589.3 

2228.2 

2284.5 

1945.0 

2098.8 

2318.0 

2237.2 

2269.1 

2274.6 

2366.9 

2255.4 

l1.1  psi/ft  times  overburden. 


For  More  Information 

A  paper  from  a  presentation  at  the  30th  U.S.  Rock 
Mechanics  Symposium  held  in  June  1989  is  available.  A 
copy  of  this  paper,  titled,  "Calculation  of  Vertical 
Stress  on  a  Surface  at  Depth  Exerted  by  Topographic 
Features  Using  Digital  Elevation  Model,"  by  V.  R.  Shea, 
D.  R.  Dolinar,  and  D.  C.  Peters,  may  be  obtained  by 
contacting: 

Ms.  Valois  Shea-Albin 

U.S.  Bureau  of  Mines 

Denver  Research  Center 

Building  20,  Denver  Federal  Center 

Denver,  CO   80225-0086 

Tel:     (303)  236-0775 
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MULSIM/PC  -  A  Structural  Analysis  Numerical 
Modeling  Program  for  Tabular  Deposits 


Objective 

Develop  a  user-friendly,  personal  computer-based  nu- 
merical modeling  program  that  performs  structural  analy- 
ses of  underground  tabular  deposits,  making  these  readily 
available  to  the  mining  industry. 

Background 

When  ore  is  extracted  from  an  underground  mine,  the 
overburden  weight  is  redistributed  to  unmined  areas,  re- 
compacted  gob  zones,  and  artificial  structures  such  as 
packwalls  and/or  cribs.  This  redistribution  of  stresses 
continually  changes  throughout  the  mining  cycle  and  can 
be  especially  complicated  when  multiple-seam  mining  is 
involved.  Numerical  mine  structural  analysis  methods  pro- 
vide a  way  of  calculating  the  redistribution  of  overburden 
stresses  and  the  resulting  loading  for  any  given  area  of  an 
underground  mine,  thus  enabling  engineers  to  design  safer 
and  more  productive  mines. 

In  1973  Crouch  and  Fairhurst  developed  a  mine  struc- 
tural analysis  computer  program  called  MINSIM.  This 
computer  program  was  based  on  the  three-dimensional 
displacement-discontinuity  approach,  a  subvariation  of  the 
boundary-element  method.  In  1979  Sinha  expanded 
MINSIM's  capability  to  provide  an  analysis  of  parallel 
multiple  seams.  Sinha  called  his  program  MULSIM. 
During  1984  and  1985,  the  Bureau  of  Mines  upgraded  and 
completely  restructured  MULSIM  into  what  is  now  called 
MULSIM/BM. 


Three-dimensional  stress  plot  generated  using  MULSIM/BM. 


Displacement-discontinuity  grid 

Element 

Theoretical  approach  used  in  the  development  of  MULSIM/BM. 

Until  recently,  use  of  these  types  of  structural  analysis 
tools  was  restricted  to  universities,  some  consulting  firms, 
government  research  groups,  and  a  few  large  mining  com- 
panies, primarily  because  the  cost  of  mainframe  computer 
hardware  and  software  is  prohibitively  expensive  for  most 
of  the  mining  industry.  To  keep  the  costs  associated  with 
such  computer-oriented  tools  to  a  minimum  and  thus  en- 
courage use  by  more  of  the  mining  industry,  the  Bureau 
has  concentrated  on  downloading  mainframe  versions  of 
its  computerized  numerical  modeling  programs  and  proce- 
dures to  the  personal  computer  level.  This  will  expedite 
the  transfer  of  numerical  modeling  technology,  since  most 
mining  companies  own  at  least  one  personal  computer. 
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The  program  then  becomes  a  design  tool  that  a  mining 
company  can  use  to  help  solve  its  own  particular  structural 
problems.  As  a  fust  step  toward  this  end,  the  Bureau  has 
converted  the  MULSIM/BM  code  to  personal  computer 
FORTRAN,  and  renamed  it  MULSIM/PC. 

How  It  Works 

The  mine  plan  for  each  seam  is  specified  using  a  uni- 
form grid  in  plan  view.  The  user  defines  the  mine  struc- 
tures by  assigning  an  appropriate  material  property  set  to 
each  grid  or  element.  Twenty  six  different  material  pro- 
perty sets  can  be  defined,  allowing  the  modeler  a  consid- 
erable amount  of  versatility  in  what  can  be  modeled  within 
the  seam.  Elements  defined  as  gob,  backfill,  or  manmade 
supports  differ  from  original  seam  materials  in  that  they 
do  not  support  load  until  some  degree  of  seam  closure 
occurs.  This  is  a  convenient  and  more  realistic  method  of 
modeling  gob  and  inserted  materials.  The  program  is  also 
convenient  for  modeling  large  areas  because  it  allows  the 
user  to  define  coarse  mesh  blocks  in  areas  where  the  spec- 
ific geometry  of  the  structures  is  not  important,  and  then 
to  use  fme-mesh  elements  in  the  area  of  particular 
interest.  The  user  also  defines  each  seam  location  and 
orientation  as  well  as  surrounding  stress  fields. 

The  user  creates  the  complete  input  data  file  including 
all  the  above  mentioned  information  by  running  the 
preprocessing  program  called  PREMUL.     PREMUL  is 


a  user-friendly  interactive  program  that  uses  color 
graphics  to  display  the  created  mesh  on  the  terminal 
screen.  MULSIM/PC  then  takes  the  input  file  created  by 
PREMUL  and  determines  the  elemental  displacements 
and  normal  elastic  stresses  for  each  element.  Two  com- 
panion post-processing  programs,  MUL3D  and  MUL2D, 
were  also  written  to  generate  overall  three-dimensional 
normal  stress  plots  and  two-dimensional  cross-sectional 
plots  of  the  output  data  on  the  terminal  screen  or  Hewlett 
Packard  pen  plotter. 

The  hardware  requirements  to  run  all  of  these  pro- 
grams include  an  IBM  compatible  AT  class  or  better  per- 
sonal computer  with  640K  bytes  of  RAM,  color  graphics, 
a  math  coprocessor,  and  a  mouse. 


For  More  Information 

For  additional  information  regarding  this  software  and 
its  availability  contact: 

Mr.  Douglas  A.  Donato 
U.S.   Bureau  of  Mines 
Denver  Research  Center 
Denver  Federal  Center 
Bldg.  20 

Denver,  CO   80225 
Tel:    (303)  236-0782 
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Roof  Fall  Warning  Device 


Objective 


Improve  the  safety  of  mine  workers  by  developing  a 
means  of  forecasting  impending  roof  falls  in  underground 
mines. 

Approach 

The  Bureau  of  Mines,  through  in-house  and  contract 
research,  has  developed  the  Roof  Fall  Warning  Device. 
This  battery-operated,  portable  electronic  system  forecasts 
roof  falls  by  detecting  and  interpreting  high-frequency 
rock  noise.  The  technology  has  shown  potential  for  de- 
tecting stress-related  failures  in  a  variety  of  underground 
environments. 

How  It  Works 

All  geologic  materials  produce  high-frequency  acoustic 
emissions  when  they  encounter  an  increase  in  stress. 
These  ultrasonic  frequency  range  events  (>  20kHz)  are 
well  above  the  audible  range  of  human  hearing,  very  small 
in  amplitude  and  duration,  and  can  only  be  detected  with 
sophisticated  electronic  equipment. 

The  Bureau  of  Mines  Roof  Fall  Warning  Device  per- 
forms several  technical  functions  during  normal  operation. 
Ultrasonic  frequency  range  events  are  detected  and  cumu- 
lated for  a  1-minute  time  period.  The  device  then  meas- 
ures the  time  each  signal  spends  over  a  preset  threshold, 
and  cumulates  this  value  for  the  same  1-minute  time 
period.  Although  this  value  is  dimensionless,  it  is  referred 
to  as  an  energy  value,  since  it  represents  the  time  under 
the  curve,  a  time-honored  way  of  approximating  energy 
values.  An  on-board  computer  determines  a  ratio  of  these 
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two  values  (time  above  threshold  and  number  of  events  for 
the  1-minute  time  period),  and  displays  either  the  number 
of  events,  or  the  ratio.  The  ratio  value  is  the  indicator  of 
potential  failure. 

The  equipment  is  designed  to  detect  ard  measure  the 
duration  of  events  between  36  and  120  kHz.  These  events 
are  caused  by  an  increase  in  stress.  A  structure  may 
adjust  to  the  new  loading  conditions  caused  by  mining,  or 
it  could  fail  because  the  increased  stress  exceeds  the 
structure's  ability  to  adjust  to  the  new  loading  conditions. 
The  Roof  Fall  Warning  Device  is  designed  to  evaluate 
these  changing  conditions  and  forecasts  when  structural 
failures,  such  as  roof  falls,  may  occur.  The  equipment  is 
battery-operated,  and  has  been  granted  a  Mine  Safety  and 
Health  Administration  (MSHA)  permissibility  certification 
for  use  in  underground  coal  mining  operations. 

Operating  the  device  is  uncomplicated.  The  system  is 
adjusted  to  compensate  for  electronic  (system)  noise,  and 
the  sensor  is  placed  into  contact  with  the  mine  roof.  In 
the  commercially-  available  equipment,  various  information 
outputs  are  available  to  the  user,  including  visual  lights  to 
inform  the  operator  of  changing  conditions  present  in  the 
mine. 


Test  Results 

Related  equipment  has  been  used  in  several  under- 
ground mines  during  the  research  program.  Precursors  to 
roof  falls  were  obtained  in  both  coal  development  and 
retreat  mining  sections.  The  "first  fall"  of  mine  roof 
in  longwall  operations  has  been  detected  using  the 
technology.  The  data  presented  in  figure  1  are  represen- 
tative of  the  information  gained  during  the  research 
program. 

The  sensor  must  be  placed  on  material  that  is  contig- 
uous to  the  mine  structure.    As  the  system  responds  to 
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Figure  1.— Stress  factor  (ratio)  plot  providing  15-mlnute  fore- 
casting of  intersection  size  roof  fall. 
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Figure  2.— Commercially  available  rock  monitor  (RM-1)  including  sensor,  preamplifier,  bat- 
tery charger,  and  second  battery. 


changing  stress  conditions,  the  material  that  the  sensor  is 
placed  upon  must  be  capable  of  transferring  the  changing 
stresses  of  the  mine  environment.  If  this  condition  is  not 
met,  the  equipment  and  technology  are  not  applicable. 

Patent  Status 


"Rock  Monitor."  In  the  commercial  version,  the  ratio 
value  (time  vs  event  count)  is  referred  to  as  the  "Stress 
Factor." 


For  More  Information 


Integrated  Sciences  Inc.,  Longmont,  CO,  developed 
the  prototype  equipment  during  contract  research  with  the 
Bureau  of  Mines,  and  has  been  granted  a  patent  on  the 
technology.  An  improved  system  is  commercially  available 
from  Integrated  Sciences  Inc.,  and  is  marketed  as  the 


For  answers  to  technical  questions  please  contact 
Mr.  Richard  Repsher,  U.S.  Bureau  of  Mines,  Denver 
Research  Center,  Building  #20,  Denver  Federal  Center, 
Denver,  CO  80225,  telephone  (303)  236-0776,  Fax  (303) 
236-0828. 
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Microphone  Detects  Waves  in  Laminar  Boundary-Layer  Flow 

Long-wavelength  interference  is  suppressed  in  the  microphone. 


A  simple  noninvasive  acoustical  tech- 
nique has  proven  effective  in  the  measure- 
ment of  instability  waves,  which  precede  the 
onset  of  turbulence  in  laminar  boundary 
layer  flows.  Such  measurements  are  impor- 
tant in  research  on  aerodynamic  flows  and 
may  have  potential  applications  in  the  con- 
trol of  turbulence  (with  consequent  reduc- 
tion of  drag)  on  aircraft. 

In  this  technique,  the  pressure  oscillations 
due  to  the  passage  of  the  instability  waves 
are  detected  by  a  modified  microphone; 
commercially  available  microphones  that 
cost  only  $1  (1987  prices)  have  been  found 
to  have  excellent  sensitivity.  The  microphone 
is  mounted  inside  the  airfoil  or  other  aero- 
dynamic model  (see  figure).  The  micro- 
phone cavity  communicates  with  the  flow 
via  two  pressure  ducts  and  two  small  orifices 
on  the  aerodynamic  surface.  One  orifice  and 
duct  leads  to  one  side  of  the  microphone 
diaphragm,  while  the  other  duct  and  orifice 
lead  to  the  other  side  of  the  microphone 
diaphragm.  Thus,  the  microphone  measures 
the  difference  between  the  pressures  at  the 
two  orifices. 

The  distance  between  the  orifices  is 
chosen  to  be  half  the  wavelength  of  the 
pressure  waves  to  be  measured.  Because 
the  pressure  of  these  particular  waves  is 
in  antiphase  at  the  two  orifices,  in  effect  the 
microphone  detects  double  the  pressure 
signal  of  these  waves.  On  the  other  hand, 
because  the  background  noise  tends  to  con- 
tain waves  of  much  greater  length,  the 
background  pressure  disturbances  that 
reach  the  diaphragm  are  mostly  in  phase 
with  each  other,  resulting  in  small  or  zero 
pressure  differences  across  the  diaphragm. 
Therefore,  the  background  noise  contributes 
little  or  nothing  to  the  output  of  the  micro- 
phone. This  ability  to  discriminate  against 
background  noise  is  especially  important 
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A  Microphone  Mounted  Below  the  Surface  detects  pressure  waves  indicative  of  instabilities 
in  a  laminar  flow.  The  microphone  is  relatively  insensitive  to  long-wavelength  background  noise 


because  the  pressure  waves  to  be  meas- 
ured can  be  relatively  weak. 

The  separation  between  the  orifices  does 
not  have  to  be  precisely  half  a  wavelength; 
a  substantial  error  is  acceptable.  The  acous- 
tical technique  itself  can  be  used  to  deter- 
mine the  correct  separation  by  trial  and  error, 
or  the  separation  can  be  determined  theore- 
tically. The  acoustical  technique  is  superior 
to  hot-wire  anemometry  (the  invasive  tech- 
nique ordinarily  used  in  measurements  of 
boundary-layer  flows)  in  several  respects: 

•  The  microphone  detects  the  waves-more 
easily; 

•  The  microphone  is  rugged,  whereas  hot- 
wire probes  are  fragile; 

•  It  is  not  necessary  to  scan  across  the 
boundary  layer  to  find  the  maximum  wave 
amplitude,  as  it  is  with  a  hot-wire  probe; 

•  The  microphone  is  cheap,  whereas  the 
electronic  control  unit  of  a  hot-wire  ane- 
mometer is  expensive; 

•  Because  the  technique  is  noninvasive, 
many  microphones  can  be  installed  and 
operated  simultaneously  to  determine  the 
propagation  of  waves  over  a  broad  area. 


This  work  was  done  by  James  M. 
Kendall  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
NASA  Headquarters-JPL.  Refer  to 
NP0-17479/TN. 
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NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  for  J  PL:  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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Two-Wavelength 
Optical-Path- 
Difference  Mapping 

The  shapes  and  alignments  of 
aspherical  mirrors  couid  be 
measured  readily. 

A  proposed  technique  for  measuring  the 
shapes  and  alignments  of  reflectors  is  based 
on  the  use  of  a  two-wavelength  absolute-dis- 
tance interferometer  to  generate  optical-path- 
difference  maps  of  the  reflecting  or  refracting 
surfaces.  The  technique  could  facilitate  such 
tasks  as  determining  the  manufacturing  and 
alignment  errors  of  an  off-axis  segment  of 
a  large-aperture  paraboloidal  telescope  mir- 
ror, or  aligning  all  the  segments  of  such  a 
mirror.  The  technique  would  be  suitable  for 
use  where  reflecting  surfaces  are  highly 
aspherical,  initial  misalignments  may  be 
large,  and/or  surface  errors  exceed  optical 
wavelengths.  This  is  because  absolute-dis- 
tance interferometry,  which  does  not  involve 
the  counting  of  interference  fringes  in  fringe 
maps,  has  a  dynamic  range  greater  than 
that  of  prior  interferometric  reflector-testing 
techniques  that  do  involve  the  counting  of 
such  fringes. 

In  one  version  of  the  technique  (see  fig- 
ure), the  optical-path-difference  map  would 
be  generated  from  measurements  of  the 
changes  of  the  lengths  of  optical  paths  from 
the  common  focal  point  of  the  segments 
of  a  test  mirror  to  an  optically  flat  autocolli- 
mating  reflector  perpendicular  to  the  optical 
axis  of  the  aspherical  mirror.  The  absolute- 
distance  interferometer  would  be  aligned 
with  the  optical  axis,  and  a  scanning  mirror 
would  be  placed  at  the  nominal  focal  point. 
The  laser  in  the  absolute-distance  interferom- 
eter would  send  a  thin  two-wavelength  beam 
of  light  to  the  scanning  mirror,  which  would 
scan  the  beam  across  the  reflector  segment 
under  test.  The  beam  would  be  reflected 


Optical-Path-Differ- 
ence Mapping  of  an 

aspherical  reflector 
would  be  performed 
by  use  of  two-wave- 
length absolute-dis- 
tance interferometer 
in  an  autocollimator 
configuration. 
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from  the  segment  to  the  optically  flat  auto- 
collimating  reflector,  then  back  to  the  seg- 
ment, then  back  to  the  absolute-distance 
interferometer. 

If  the  test  mirror  were  perfect  and  all  op- 
tical components  were  perfectly  aligned,  the 
optical  path  would  have  the  same  length 
at  any  point  in  the  scan.  For  a  real,  imperfect 
mirror,  the  optical-path  length  varies.  By 
means  of  computational  analysis,  the  varia- 
tion of  optical  path  differences  over  the 
reflector  surface  could  be  minimized  and 
mapped  with  respect  to  a  reference  point, 


and  errors  of  alignment  could  be  distin- 
guished from  errors  of  manufacture.  The 
alignments  of  the  segments  could  then  be 
adjusted  to  minimize  the  optical-path  dif- 
ferences. Because  all  segments  would  be 
scanned  from  a  common  focus,  all  the  seg- 
ments would  thereby  become  coaligned 
and  cofocused  with  each  other. 

This  work  was  done  by  Paul  K.  Manhart 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  NPO-17725/TN 
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Navy  Studies  Wetlands  to  Treat  Runoff  Pollution 


Nonpoint  Source  Pollution 
(NPSP)  (pollution  originating  from 
broadly  dispersed  activities), 
which  is  mostly  contaminated 
stormwater  runoff,  is  the  major 
pollution  source  in  most 
waterways.  Discharge  regulations 
to  control  NPSP  are  being 
implemented  at  the  state  and  local 
levels.  The  Naval  Ocean  Systems 
Center  (NOSC),  San  Diego, 
California,  has  been  studying  the 
feasibility  of  using  wetlands  to 
treat  runoff  pollution,  as  most 
conventional  wastewater  treat- 
ment techniques  would  be  very 
expensive  to  use  for  runoff. 

The  following  five  generic 
pollutant  categories  of  NPSP  were 
examined:  biochemical  oxygen 
demand  (BOD),  nutrients, 
suspended  particulates,  heavy 
metals,  and  organics  (petroleum, 
solvents,  biocides).   The  ecological 


consequences  of  each  pollutant 
category,  the  treatment  principles 
for  the  pollutant  category,  and  how 
wetlands  can  provide  the 
necessary  treatment  conditions 
were  also  examined. 

NOSC  has  determined  that  the 
choice  of  the  correct  wetland 
morphology  is  important  for 
effective  NPSP  remediation  and 
has  created  guidelines  for  choosing 
an  existing  marsh  or  construction 
of  a  new  marsh. 


For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

CodeE211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  150703/TN 
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Idaho  National  Engineering  Laboratory 


Treating  Mixed  Hazardous  Waste 


Disposing  of  hazardous  waste  is  a  high 
priority  item  for  every  organization 
that  produces  it.  Virtually  every  hospi- 
tal, research  university,  privately 
operated  laboratory  and  the  biotech- 
nology industry  as  a  whole  produces 
small  quantities  of  hazardous  wastes  of 
organic  compounds,  such  as  toluene, 
xylene  and  pseudocumene.  The  first 
two  are  on  the  Environmental  Protec- 
tion Agency's  priority  pollutant  list. 
When  a  mixture  of  these  compounds 
also  contains  radioactive  materials,  it  is 
known  as  mixed  hazardous  waste. 

A  widely  used  analytical  detection  and 
quantitative  method  produces  small 
quantities  of  a  mixed  hazardous  waste. 
The  particular  waste  generated  by  this 
specific  method  is  called  liquid  scintil- 
lation cocktail  waste.  This  waste  can 
contain  up  to  70%  by  volume  of  toxic 
organic  compounds:  e.g.,  toluene, 
xylene  and  pseudocumene.  Re- 
searchers at  the  Idaho  National  En- 
gineering Laboratory  (INEL)  have 
developed  a  biodegradation  system 
which  introduces  organisms  to  solu- 
tions containing  the  cocktail.  This 
process  functions  at  a  very  high  level 
of  efficiency.  The  system,  which  won  a 
1988  R&D  100  Award,  includes  a 
bioreactor  (where  living  cells  "feed"  on 
the  toxic  materials  and  produce  carbon 
dioxide),  accessory  hardware,  and  a 
supply  of  the  detoxifying  microor- 
ganisms.    Once  installed,  the  system 


will  continually  bioprocess  an  inflow  of 
the  cocktail,  rendering  it  safe  for  con- 
ventional disposal  through  the  sewer 
system,  if  the  radioactivity  is  within  the 
prescribed  limits,  or,  if  not,  as  low- 
level  radioactive  waste.  This 
eliminates  the  high  cost  of  packing  and 
transporting  the  mixed  waste  to 
authorized  disposal  sites. 

This  process  is  applicable  to  any  mixed 
waste  containing  biodegradable  com- 
pounds. After  the  system  is  stream- 
lined further,  the  INEL  intends  to  use 
other  organisms  to  develop  a  family  of 
waste  disposal  units  for  a  variety  of 
toxic  waste  compounds. 

A  patent  was  issued  on  the  system,  and 
an  INEL  spinoff  business,  Biodegrada- 
tion Systems,  Inc.,  has  been  formed  by 
the  research  team  to  develop  and 
market  commercial  systems. 

Any  hospital,  university,  private 
biotechnology  laboratory,  or  govern- 
ment research  facility  dealing  with  haz- 
ardous wastes  could  be  a  potential 
user. 


For  Additional  Information: 

Joanne  Knapp 

Idaho  National  Engineering  Laboratory 

P.  0.  Box  4000 

Idaho  Falls,  ID  83403 

(208)526-2892 
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Program 


National  Center  for  Excellence  in  Metalworking  Technology  (NCEMT) 


Cast  Projectile  Analysis 
Naval  Surface  Weapons 

Projectile  shells  have  traditionally 
been  fabricated  from  forged  steel.  The 
Navy  has  established  that  a  cost  savings 
of  approximately  60%,  as  well  as  im- 
proved projectile  fragmentation,  can  be 
achieved  by  fabricating  these  shells  from 
austempered  ductile  cast  iron.  How- 
ever, two  technical  concerns  arise  from 
this  process  and  material  change:  (1) 
excessive  deformation  during  launch 
caused  by  the  lower  Young's  modulus 
and  yield  strength  of  the  cast  iron,  and 
(2)  increased  likelihood  of  premature 
fracture  caused  by  flaws  inherent  in  the 


Being  Carried  Out  For  The 
Center 


casting  process  and  potentially  lower 
fracture  toughness  of  the  material. 

NCEMT  is  addressing  these  techni- 
cal concerns  for  the  Naval  Surface 
Weapons  Center  by  performing  finite 
element  analysis  (FEA)  and  applying 
linear  elastic  fracture  mechanics  (LEFM) 
techniques  to  the  projectile.  FEA  will 
determine  the  displacements,  principal 
stresses  and  mode  shapesduring  launch, 
while  the  LEFM  analysis  will  determine 
the  critical  flaw  size  and  minimum  frac- 
ture toughness  requirements  to  withstand 
gun  launch  loads.     The  analyses  are 


BBES 


aaas 


&£$#&• 


mm, 


5K3B 
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being  applied  to  both  atraining  projectile 
and  a  high  explosive  projectile. 

Concurrent  with  the  design  and  mate- 
rial analyses,  NCEMT  is  investigating 
casting  processes  for  the  projectile. 
Through  finite  difference  analysis,  the 
3-D  fluid  flow,  heat  transfer,  and  solidifi- 
cation processes  are  being  simulated 
from  the  time  that  the  first  metal  is  poured 
into  the  mold  to  the  end  of  solidification. 
The  effects  of  various  operating  param- 
eters (e.g.,  superheat  of  the  metal,  ingate 
and  riser  designs,  and  chill  placement) 
on  the  quality  of  the  casting  are  being 


studied. 

Simulations  have  been  carried  outfor 
several  casting  orientations,  such  as  that 
shown  in  the  figure  below.  By  comparing 
the  results  of  simulations  for  each  opt  ion, 
casting  procedures  can  be  determined 
that  minimize  porosity  and  otherdefects. 

Combining  results  of  the  design 
analysis  and  casting  simulations,  mini- 
mum fracture  toughness  values  can  be 
specified  along  with  non-destructive 
evaluation  criteria  for  flaw  size.  In  addi- 
tion, the  casting  procedure  required  to 
meet  these  goals  is  defined. 


FOR  ADDITIONAL  INFORMATION:  Ms.  Mary  Jane  Kleinosky,  Process  Engineer,  National  Center  for 
Excellence  in  Metalworking  Technology,  1450  Scalp  Avenue,  Johnstown,  PA  15904;  (814)269-2425. 
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Single-Screw  Air  Compressors 


The  Navy  has  developed  a  single-screw  air  compressor  design  that  uses  water  to  cool  and  seal 
the  compressor  processor  and  lubricate  journal-type  bearings.  The  grooved  cylindrical  mainrotor  is 
engaged  by  two  planar  gaterotors  to  produce  six  compressions  per  revolution.  The  unique  groove 
shapes  can  be  manufactured  on  programmed  five-axis  mills  or  by  machine  tools  available  under 
licensing  agreements  from  the  French  inventor.  (Most  patents  have  expired.)  A  150  lb/in.2,  200  std 


ft3/min  design  has  been  standardized  for  shipboard  applications.  Research  has  been  accomplished  at 
pressures  as  high  as  3000  lb/in.2. 

FOR  ADDITIONAL  INFORMATION:  Dr.  Basil  Nakonechy  (Code  0117),  David  Taylor  Research  Center, 

Bethesda,  MD  20084-5000;  (202)227-1307. 
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Single-Screw  Pump 


A  screw-type  positive  displacement  pump  has  been  developed  that  can  pump  low-viscosity  fluids. 
The  pump  embodies  a  mainrotor  with  two  helical  grooves  that  mesh  with  two  cylindrical,  toothed 
gaterotors  to  form  multiple  constant-volume  pockets  that  sweep  along  the  mainrotor.  This  design 
avoids  the  need  for  discharge  ports  and  provides  a  large  suction  entrance.  A  volumetric  efficiency  of 
63%  has  been  demonstrated  that  pumps  diesel  fuel  at  100  lb/in.2.  The  meshing  rotor  surfaces  have 


Single-screw  pump 

been  machined  on  five-axis  programmable  mills  and  by  using  abrasive  coatings.  It  is  projected  that 
aqueous  solutions  can  be  pumped  by  using  journal  bearings  of  carbon  against  silicon  carbide. 


FOR  ADDITIONAL  INFORMATION:  Dr.  Basil  Nakonechy  (Code  01 17),  David  Taylor  Research  Center, 
Bcthcsda,  MD  20084-5000;  (202)227-1307. 
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Noncontacf  Ultrasonic  Vibration  of  Weld  Puddles 

Sizes  of  grains  would  be  reduced  and  the  weld  enhanced  by  inducing  localized  vibrations. 


A  proposed  ultrasonic  stimulator  would 
vibrate  a  weld  puddle  without  making  con- 
tact with  it.  The  vibration  would  break  up 
large  grain  clumps  in  the  solidifying  pud- 
dle, creating  a  more  uniform,  fine-grain  mi- 
crostructure.  The  resulting  weld  joint  would 
be  less  susceptible  to  hot  cracking  and 
other  stress-related  forms  of  degradation. 

Unlike  other  weld-puddle-vibrating  tech- 
niques, the  proposed  ultrasonic  technique 


would  not  involve  resonant  waves  (which 
can  be  destructive)  in  the  workpiece.  Fur- 
thermore, it  would  not  entail  the  complica- 
tions of  forced  oscillation  of  transducers 
in  contact  with  the  workpiece,  of  the  weld 
torch,  or  of  the  arc.  The  ultrasonic  device 
would  be  mounted  on  the  weld  torch.  It 
would  direct  the  ultrasound  into  the  weld 
puddle  only  to  generate  constant  localized 
vibrations  of  constant  amplitude.  The  posi- 


tion of  the  ultrasonic  device  and  the  fre- 
quency and  amplitude  of  its  output  could 
readily  be  varied  to  suit  the  weld  geometry 
and  materials. 

This  work  was  done  by  Jeffrey  L  Gilbert 
of  Rockwell  International  Corp.  for  Mar- 
shall Space  Flight  Center.  No  further 
documentation  is  available. 
MFS-29715  /77V 
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Self-Aligning  Coupler 

A  joint  reduces  assembly  time  and  eliminates  fumbling. 


A  self-aligning  coupler  is  easy  to  use  for 
people  wearing  heavy  gloves  or  other  re- 
strictive clothing.  Designed  for  the  assem- 
bly of  structures  by  astronauts  in  space 
suits,  the  coupler  could  be  used  on  Earth 
by  firefighters  wearing  protective  gar- 
ments, technicians  handling  hazardous  ma- 
terials, and  others  working  underwater  or  in 
other  difficult  environments.  The  coupler 
consists  of  two  threaded  sections  —  one 
with  a  blade,  the  other  with  a  slot  —  joined 
by  a  threaded  collar  (see  figure).  The  user 
simply  inserts  the  blade  in  the  slot  to  join 
the  threaded  sections,  then  turns  the  collar 
so  that  its  threads  draw  the  sections  tightly 
together. 

The  thread  on  the  edges  of  the  blade 
matches  that  on  the  slotted  section.  The 
thread  on  the  collar  therefore  slides 
smoothly  on  the  joined  sections.  When  the 
user  has  turned  the  collar  to  the  end  of  its 
travel,  its  thread  is  completely  disengaged 
from  the  slotted  section  and  meshes  only 
with  the  bladed  section.  A  lip  on  the  collar 
prevents  further  travel.  The  collar  thus  ap- 
plies a  compressive  force  between  the 
shoulder  of  the  slotted  section  and  the 


The  Blade  Fits  Pre- 
cisely  in   the   Slot.   A 

notch  in  the  blade  en- 
gages a  pin  in  the  slot  to 
form  a  temporary  attach- 
ment. The  collar  is  turned 
on  the  continuous  thread 
of  the  joined  sections  to 
form  a  tight,  rigid  joint. 


Strut  or  Other 
Structural 
Member 


SIDE  VIEW  OF 
BLADE  AND  SLOT 
BEFORE  ASSEMBLY 


thread  of  the  bladed  section,  joining  the 
two  sections  rigidly  and  securely. 

When  the  collar  is  fully  retracted  — that 
is,  before  the  user  starts  to  turn  it  —  it  still 
engages  the  thread  on  the  slotted  section. 
Therefore,  it  is  not  necessary  for  the  user 
to  start  to  thread  the  collar  into  the  thread 
of  the  slotted  section.  The  user  does  not 
even  have  to  observe  the  coupler  to  as- 


EDGE  VIEW  OF 
BLADE  AND  SLOT 
BEFORE  ASSEMBLY 


EDGE  VIEW  OF 
!  BLADE  AND  SLOT 
AFTER  ASSEMBLY 


semble  it.  If  necessary,  the  parts  can  be 
joined  by  touch  rather  than  by  sight.  i 

This  work  was  done  by  Earl  T.  Cooney  of  \ 
McDonnell  Douglas  Corp.  for  Johnson 
Space  Center.  No  further  documentation 
is  available. 
MSC-21459/TN 
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Identifying  Bearing  Balls  With  Radioisotopes 

Members  of  the  same  manufacturing  lot  would  have  the  same  radioactive  characteristics. 


A  proposed  scheme  for  identification  of 
memPers  of  a  manufactured  lot  of  bear- 
ing balls  is  based  on  the  detection  of  char- 
acteristic isotopes.  The  scheme  was  con- 
ceived to  track  precise  bearing  balls 
through  various  stages  of  assembly,  dis- 
assembly, and  processing.  Such  balls  must 
not  be  stamped  or  otherwise  marked  for 
visual  identification  because  their  fine  sur- 
face textures,  diameters,  and  sphericities 
must  be  retained.  Measurement  of  diame- 
ters often  does  not  suffice  to  identify  balls 
in  a  lot  if  the  balls  are  coated  with  dry  lubri- 
cant films,  the  thicknesses  of  which  can 
vary  [e.g.,  from  16  to  27  fun.  (0.4  to  0.7  /Am)] 
beyond  the  tolerances  [e.g.,  20  iiin.  (0.5 
iim)]  on  the  diameters  of  the  balls. 

Balls  would  be  identified  as  coming 
from  a  given  lot  soon  after  manufacture 
and  before  they  are  inspected,  coated  with 
lubricant,  assembled  in  a  bearing,  or  other- 
wise processed.  All  balls  in  a  lot  would  be 
irradiated  to  produce  easily  recognized 
radioactive  isotopes  in  known  concentra- 
tions and/or  known  ratios  of  concentra- 
tions and  known  rates  of  decay  on  their 


surfaces.  For  example,  a  beam  of  protons 
could  activate  cobalt-56  (half-life  77  days) 
in  a  lot  of  440-C  stainless-steel  balls.  Alpha 
particles  could  activate  cobalt-58  and  man- 
ganese-54  (half-lives  71  and  308  days,  re- 
spectively). Such  activators  could  be  used 
individually  or  in  combination. 

The  radiation  from  the  isotopes  would 
be  at  a  safe,  low  level  —  less  than  15  AiCi 
per  ball.  Different  lots  could  be  irradiated 
by  use  of  different  levels  of  activation  en- 
ergy to  produce  different  ratios  of  distin- 
guishable isotopes.  One  ball  from  a  lot 
would  be  marked  and  kept  as  a  reference. 
The  activities  of  its  isotopes  would  decline 
at  the  same  rates  as  those  of  the  other 
balls  in  the  lot.  It  would  therefore  be  used 
to  account  for  changes  in  the  measure- 
ments of  radioactivity  in  balls  of  that  lot. 

Because  an  isotope  detector  could  be 
placed  in  direct  contact  with  the  balls  dur- 
ing identity  checks,  its  measurements 
would  be  highly  sensitive.  The  useful  op- 
erating life  could  therefore  extend  over  10 
or  more  half-lives  of  the  affected  isotopes. 
Isotope  activation  is  an  established  tech- 


nique in  studies  of  bearing  wear.  Identifica- 
tion should  be  a  less  demanding  applica- 
tion because  the  depth  and  uniformity  of 
activation  are  not  critical,  as  they  are  in 
measurements  of  wear. 

This  work  was  done  by  Myles  F  Butner 
and  John  J.  Collins  of  Rockwell  Inter- 
national Corp.  for  Marshall  Space  Flight 
Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Marshall  Space  Flight  Center.  Refer  to 
MFS-29724fTN. 

George  C  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer.  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 

Patent  Counsel: 

Leon  D.  Wofford,  Jr. 

Mail  Code  CC01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-0024 
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A      Naval  Surface  Warfare  Center 

Magnetostrictive  Sensors  and  Actuators 

Most  ferromagnetic  materials  show  the  phenomena  of  magnetostriction;  a  simple  example  is  a 
ferromagnetic  parallelepiped  changing  length  when  a  magnetic  field  is  applied  along  its  axis.  The 
change  in  length  with  magnetic  field  allows  the  parallelepiped  to  be  used  as  an  actuator.  The  change  in 
length  with  field  implies  that  an  imposed  change  in  length  changes  the  magnetic  moment  of  the 
material,  which  can  be  detected  in  several  ways.  Thus  magnetostrictive  materials  can  also  be  used  as 
stress  and  strain  sensors. 

We  discuss  two  materials:  (1)  the  amorphous  ferromagnetic  materials  (made  by  rapid  quenching), 
which  show  great  promise  in  sensor  applications;  and  (2)  alloys  of  TbFe?  and  DyFe^  that  have  a  W/m3 
figure  of  merit  equivalent  to  hydraulic  actuators  but  with  much  higher  frequency  response  and 
positioning  accuracy.  In  material  (1)  we  can  "engineer"  the  physical  characteristics  of  the  amorphous 
materials  to  achieve  properties  more  extreme  in  nature  than  in  crystalline  solids.  This  has  led  to  the 
development  of  prototype  magnetostrictive  strain  gages,  torque  sensors,  pressure  sensors,  and 
accelerometers.  Certain  amorphous  materials  are  being  used  in  prototype  magnetometers  because  of 
lower  Barkhausen  noise.  Power  transformers  exploit  the  low  (but  still  metallic)  conductivity.  The 
material  has  the  highest  figure  of  merit  known  for  hydrophones  (devices  for  underwater  sound 
detection).  Magnetostrictive  strain  gages  show  a  figure  of  merit  1000  times  higher  than  that  of 
semiconductor  strain  gages.  Amorphous  wires  have  externally  controlled  magnetization  characteristics 
am  (and  other  features)  that  make  them  useful  in  torque  transducers.  We  discuss  material  preparation. 

prototype  sensors,  and  the  reasons  for  their  high  performance  and  possible  problems  that  may  arise  in 
utilization. 

With  material  (2)  active  vibration  damping  is  the  most  prominent  actuator  application  (the  material 
is  rather  expensive  to  be  used  as  a  sensor).  The  material  is  capable  of  strains  of  1.2  X  10~3  with 
potential  strains  of  3  x  10"3    with  further  material  development.  Stresses  up  to  7000  psi  can  be  handled 
under  steady  state  conditions.  In  magnetostrictive  materials  there  are  two  contributions  to  the  strain, 
one  caused  by  the  imposed  stress  and  the  other  by  the  imposed  magnetic  field.  Thus  the  strain  is  not 
necessarily  zero  if  the  stress  is  zero.  By  use  of  this  and  the  nonlinear  nature  of  the  material,  we  show 
a  new  kind  of  active  vibration  control. 


—  T,  H 


H  =  0,  6  =  90  DEG 


H  >  0,  6  <  90  DEG. 


(a)  The  magnetization  of  a  simple  ferromagnetic  parallelepiped,  (b)  As  the  the  magnetic  field  increases  the  mag- 
netix  moment  M  rotates  and  the  parallelepiped  elongates.  A  stress  T  (or  strain)  will  also  rotate  the  moment. 


FOR  ADDITIONAL  INFORMATION:  Ramsey  D.  Johnson  (Code  D4),  Naval  Surface  Warfare  Center,  10901 
New  Hampshire  Avenue,  Silver  Spring,  MD  20903-5000;  (301)394-1505. 
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Adjustable  Induction-Heating  Coil 

Three  segments  can  be  adjusted  independently  to  obtain  the  desired  distribution  of  temperature. 


An  improved  design  for  an  induction-heat- 
ing work  coil  facilitates  the  optimization  of 
heating  in  different  metal  specimens.  For 
the  past  30  years,  radio-frequency  induc- 
tion has  been  an  accepted  method  of 
heating  metallic  specimens  for  mechani- 
cal testing.  However,  the  establishment  of 
the  optimum  work-coil  configurations  to 
give  uniform  temperatures  over  the  gauge 
lengths  of  specimens  has  remained  a  "black 
art." 

Heretofore,  a  typical  induction-heating 
work  coil  has  been  wound  from  a  single 
length  of  copper  tubing.  The  work-coil  con- 
figuration best  suited  for  a  particular  ex- 
periment is  determined  by  trial  in  a  series 
of  experiments  on  suitably  instrumented 
specimens.  Variables  of  interest  include 
the  diameter,  overall  length,  number  of 
turns,  spacing  of  turns,  and  grouping  of 
turns  of  the  coil.  The  optimization  of  these 
variables  by  trial  and  error  is  time-consum- 
ing and  frustrating. 

The  approach  adopted  in  the  improved 
design  was  simply  to  subdivide  the  work 
coil  into  three  segments  (see  figures).  Each 
segment  is  attached  to  a  positioning  mech- 
anism that  enables  independent  adjust- 
ment along  both  the  vertical  (axial)  and  ra- 
dial (in  this  case,  horizontal)  axes.  Short 
lengths  of  copper  tubing  at  the  rear  of  the 
assembly  are  used  to  connect  the  three 
segments  of  the  coil  in  series.  The  assem- 
bly is  connected  to  the  induction-heater 
power  supply  by  two  flexible  power  leads. 

Both  a  5-kW  radio-frequency  (450-kHz), 
and  a  50-kW  audio-frequency  (9.6-kHz)  in- 
duction heater  have  been  used  successfully 
with  this  fixture  for  many  high-temperature 
material-deformation  tests.  Temperature 
profiles  in  these  experiments  varied  only 
within  ±  3  °C  of  the  nominal  test  tempera- 
tures over  a  Win.  (13-mm)  specimen 
gauge  length. 

The  use  of  this  fixture  has  significantly 
reduced  the  time  needed  to  achieve  re- 
quired temperature  profiles.  This  results 
primarily  from  the  capability  to  make  ad- 
justments to  one  coil  segment  without  af- 
fecting the  other  two.  It  is  worth  noting  that 
the  concept  of  the  segmented  coil  allows 
up  to  three  different  coil  diameters  to  be 


Figure  1 .  The  Induction- 
Heating  Coil  is  divided 
into  three  segments, 
each  of  which  can  be 
positioned  independ- 
ently. 


Figure  2.  A  Uniaxial  Specimen  in  a  Thermochemical  Test  System  is  heated  by  a  5-kW,  three- 
segment  coil  like  those  illustrated  in  Figure  1. 


used  without  difficulty  to  form  a  work  coil. 
Also,  the  direction  of  the  coil  winding  can 
be  reversed  with  minimum  complication  in 
this  approach. 

This  work  was  done  by  Rod  Ellis  and 
Paul  Bartolotta  of  Lewis  Research  Cen- 
ter. Further  information  may  be  found  in 
NASA    TM-100151    [N87-26399],    Price 


Code:  A02  'A  High  Temperature  Fatigue 
and  Structure  Testing  Facility." 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone  No. 
(703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling  (800) 
336-4700.  LEW-14963/TN 
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Bonding  Aramid  Rope  to  Metal  Fitting 

Strength  is  increased  over  that  of  eye  splices  and  swages. 


A  method  for  joining  Kevlar  (or  equiva- 
lent) aramid  rope  to  a  tubular  corrosion-re- 
sistant steel  end  fitting  increases  the 
strength  of  the  joint  under  tension  to  ap- 
proximately three-fourths  that  of  the  rope 
itself.  The  previous  methods  of  joining  — 
eye  splicing  and  swaging  —  could  provide 
only  25  percent  of  the  strength  of  the  rope. 

The  end  fitting  (see  figure)  has  an  extern- 
al thread  for  attachment  to  a  structure.  The 
tube  also  has  an  internal  thread.  In  the  fab- 
rication process,  the  adhesive-impregnat- 
ed rope  end  is  inserted  in  the  bore  of  the 
tube.  The  internal  thread  provides  a  more 
effective  bonding  area  and  better  bearing 
and  shear-loading  capability,  thereby  in- 
creasing the  tensile  strength  of  the  cured 
joint.  So  that  the  internal  thread  does  not 
come  to  a  sharp  edge  that  might  abrade 
the  rope,  a  pilot  hole  is  first  drilled  through 
the  tube  with  a  slightly  larger  tap  drill 
diameter  than  is  usual  for  the  thread  size; 
then,  when  the  thread  is  tapped,  the  crest 
is  flat  rather  than  pointed. 

This  work  was  done  by  Dung  T.  To  and 
Shigeru  Oishi  of  Rockwell  International 
Corp.  for  Johnson  Space  Center. 
MSC-21618/TN 


2  50 


The  End  Fitting  contains  an  internal  thread,  which  provides  a  good  bonding  surface. 
A  small  radial  hole  enables  the  injection  of  adhesive  into  the  bore. 
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Making  Lightweight  Structures  by  Vapor  Deposition 

Complicated  structures  can  be  made  stiff,  strong,  and  light  in  weight. 


A  technique  has  been  developed  for  the 
fabrication  of  stiff,  strong,  lightweight  struc- 
tures of  silicon  carbide  or  other  materials 
by  any  of  several  deposition  processes. 
The  structures  made  by  this  method  can 
have  complicated  shapes. 

The  fabrication  of  a  structure  by  this 
method  begins  with  the  bonding  together 
of  thin  ribs  of  graphite  or  other  suitable 
material  to  make  a  core  of  honeycomb 
cells  that  have  appropriate  shapes.  The 
core  is  mounted  in  the  deposition  cham- 
ber —  possibly  on  a  suitable  substrate 
coated  with  a  release  agent.  The  SiC  or 
other  desired  material  is  then  deposited  on 
the  core  by  physical  vapor  deposition, 
chemical  vapor  deposition,  evaporation, 
sputtering,  or  ion-beam  deposition.  The 
material  is  deposited  to  a  thickness  suffi- 
cient to  ensure  that  the  core  is  totally 
coated. 

The  structure  is  unloaded  from  the  de- 
position system  and  separated  from  the 
substrate.  If  necessary,  the  enclosed  core 
material  can  be  removed  by  drilling  small 
holes  in  the  walls  of  the  structure,  then  burn- 
ing, etching,  or  melting  the  core  material 
away  from  the  deposited  overcoat. 

When  a  vapor  deposition  technique  is 
used  to  fabricate  the  structure,  the  flow  is 
a  stagnation  flow  governed  by  diffusion, 
yielding  nonuniformity  in  the  deposition 
along  the  cell  depth.  Nonuniformity  can  be 
minimized  by  providing  holes  in  the  walls  of 
the  honeycomb.  These  holes  act  as  pass- 
ages for  the  reagents  to  flow  uniformly 
through  the  structure.  Further,  deposition 
occurs  inside  these  holes,  so  that  the  ma- 
terial is  connected  on  both  sides  of  the 
wall,  increasing  the  strength  of  the  struc- 
ture. The  preferred  location  for  holes  is  on 
the  walls  near  the  base  of  the  structure. 

The  ability  to  manufacture  a  complex 
shape  from  pure  deposited  SiC  could  be 
quite  useful  and  could  lead  to  new  products 


Flow 


Three  Possible  Con- 
figurations for  Vapor 
Deposition  illustrate 
the  fabrication  of  light- 
weight structures  by  the 
new  technique.  If  the 
structure  is  not  to  have  a 
bottom  plate,  then  the 
core  can  be  mounted  on 
a  few  poles  attached  to 
a  substrate  (top).  If  the 
structure  is  to  have  a 
bottom  plate  of  depos- 
ited material,  the  core  is 
placed  on  the  substrate 
with  a  mold-release  coat 
(middle).  In  an  applica- 
tion like  the  fabrication 
of  a  lightweight  mirroron 
an  SiC  faceplate,  the 
core  is  bonded  to  the 
faceplate  and  the  depo- 
sition is  performed  on 
both  (bottom). 


1 


MAKING  LIGHTWEIGHT  STRUCTURE  WITHOUT  BOTTOM  PLATE 
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MAKING  LIGHTWEIGHT  STRUCTURE  BONDED  TO  FACEPLATE       ^-SIC  Faceplate 
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in  several  fields.  These  lightweight  struc- 
tures could  be  used  as  backup  structures 
for  optical  components,  as  structural  com- 
ponents in  automotive,  aerospace,  and 
outer  space  applications,  and  as  light- 
weight parts  of  furniture  for  outer  space. 

This  work  was  done  by  Jitendra  S. 
Goela,  Michael  A.  Pickering,  and  Raymond 
L.  Taylor  of  Morton  Thiokol,  Inc./CVD  Inc. 
for  Langley  Research  Center.  No  further 
documentation  is  available. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title  to 
this  invention.  Inquiries  concerning  rights 


for  its  commercial  use  should  be  ad- 
dressed to 

Gerald  K.  White,  Esquire 

Director,  Patents  and  Trademarks 

Morton  Thiokol,  Inc. 

110  North  Wacker  Drive 

Chicago,  IL  60606-1560 
Refer  to  LAR-14059/TN. 

Langley  Research  Ctr. 

Technology  Utilization 
Officer  John  Samos 
Mail  Stop  139A 
Hampton,  VA  23665 
Patent  Counsel 
George  F.  Helfrich 
Mail  Code  279 
Hampton,  VA  23665 
(804)  864-3523 
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Microstructure  of  a  SiC/ 
(Ti/V/Cr/Sn/AI)  Composite 

Techniques  and  results 
of  metal  log  raphic 
analysis  are  reported. 

A  NASA  technical  memorandum  re- 
ports on  the  analysis  of  a  composite  mater- 
ial made  of  SiC  fibers  in  a  matrix  of  0.76 
Ti/0.15  V/0.03  Cr/0.03  Sn/0.03  Al  (parts  by 
weight)  alloy.  The  purposes  of  this  study 
were  to  investigate  the  suitability  of  some 
metal  log  raphic  techniques  for  use  on  com- 
posite materials  in  general  and  to  obtain  in- 
formation about  the  macrostructure  and 
microstructure  of  this  specific  composite 
to  provide  guidance  for  experimental  and 
theoretical  studies  of  more  advanced  com- 
posites. 

All  specimens  were  sectioned  with  a  0.3- 
mm-thick  diamond-impregnated  wheel, 
then  mounted  in  epoxy.  The  mounted  spec- 
imens were  ground  flat  by  use  of  a  resin- 
bonded  diamond  grinding  disk  and  succes- 
sively finer  diamond  grits  in  water.  The 
ground  specimens  were  lapped  with  dia- 
mond slurries,  then  polished  with  fine  dia- 
mond (down  to  0.5-Mm  diamond  paste)  to 
reveal  the  microstructure  at  the  required  res- 
olution. Selected  specimens  were  etched 
with  an  aqueous  solution  of  nitric  and  hy- 
drofluoric acids.  Selected  specimens  were 
coated  with  an  interference  layer  to  facili- 
tate differentiation  between  phases. 

Specimens  that  had  been  polished,  pol- 
ished and  etched,  and  polished  and  inter- 
ference-layered were  examined  by  scan- 
ning electron  microscopy  at  accelerating 
potentials  of  15  and  20  kV.  Elemental  x-ray 
analysis  involving  spot  modes,  analog  scan 


lines,  and  dot  maps  was  performed  as 
needed.  Specimens  for  transmission  elec- 
tron microscopy  were  prepared  by  a  proc- 
ess of  diamond-wheel  sectioning,  grinding, 
dimpling  with  diamond  slurries,  and  ion- 
beam  milling.  These  specimens  were  then 
viewed  in  a  transmission  electron  micro- 
scope at  120  kV. 

The  examination  of  the  specimens  led  to 
the  following  conclusions  about  the  struc- 
ture of  the  composite: 

•  The  distribution  of  SiC  fibers  in  the  matrix 
as  viewed  in  a  section  perpendicular  to  the 
axes  of  the  fibers  approximated  a  rectan- 
gular array  with  average  center-tc-center 
distances  of  220  \jct\  within  a  row  and  350 
ysr\  between  rows.  Separations  within  any 
row  varied  greatly.  Out  of  1,600  fibers,  6.3 
percent  touched  and  always  contained 
coating  cracks  at  the  points  of  tangency. 
The  volume  fraction  of  fibers  was  meas- 
ured as  36  percent. 

•  The  grains  within  the  matrix  were  general- 
ly orthorhombic  with  an  average  dimen- 
sion of  200  /^n  parallel  to  the  fibers  and 
with  lengths  of  110  and  350  //n  in  the 
transverse  plane. 

•  A  series  of  small,  more-equiaxed  grains  of 
diameters  in  the  range  of  10  to  80  /jm  sur- 
rounded the  fibers. 

•  Titanium  wires  were  woven  around  the  fi- 
bers to  keep  them  parallel  during  fabrica- 
tion. Upon  consolidation,  the  wires  formed 
particles  high  in  Ti  and  C  (probably  TiC). 


Between  the  particles  was  a  lamellar 
structure  believed  to  be  a-  and  /J-Ti.  The 
matrix  surrounding  this  woven  structure 
appeared  to  have  transformed  to  the  so- 
lute-lean /J'-phase. 

•  The  fibers  were  made  from  carbon  cores, 
upon  which  a  pyrolytic  carbon  coating  had 
been  deposited.  SiC  was  built  up  on  this 
core  by  chemical-vapor  deposition.  Small 
equiaxed  grains  were  observed  adjacent 
to  the  pyrolytic  coating.  The  SiC  grains  had 
become  elongated  as  the  diameters  of  fi- 
bers increased  during  deposition.  The 
grains  were  heavily  faulted. 

•  A  carbon-rich  coat  was  applied  to  the  sur- 
faces of  the  fibers.  Four  zones  were  iden- 
tified within  this  coat.  The  composition  and 
structure  of  each  zone  were  identified. 

•A  reaction  zone  0.10  to  0.35  \jrr\  thick 
formed  at  the  interface  between  the  ma- 
trix and  the  fiber.  This  zone  consisted  of 
very  small  crystallites,  which  were  be- 
lieved to  be  titanium  carbides  and  titanium 
silicides. 
This  work  was  done  by  Bradley  A.  Lerch 
and  David  R.  Hull  of  Lewis  Research 
Center  and  Todd  A.  LeonhardtofSverdrup 
Technology,  Inc.  Further  information  may 
be  found  in  NASA  TM-1 00938 [N88-28095], 
Price     Code:     A03     "As-Received 
Microstructure  of  a  SiC/Ti-15-3  Composite" 
Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone  No. 
(703)  487-4650.   Rush  orders  may  be 
placed  for  an  extra  fee  by  calling  (800) 
336-4700  LEW-14868/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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MASATech  Brief 


National  Aeronautics  and 
Space  Administration 


Polytetrafluoroethylene- 
Impregnated  Anodization 
for  Aluminum 

Standard  hard  anodization 
gives  better  protection  against 
corrosion  than  polytetra- 
fluoroethylene-impregnated 
anodization  does. 


A  technical  memorandum  describes  ex- 
periments on  the  ability  of  two  commercial 
coatings  and  of  standard  hard  anodization 
to  protect  aluminum  against  corrosion.  Both 
commercial  coatings,  Fblylube  and  Tufram, 
are  polytetrafluoroethylene-impregnated 
anodizations. 

Disks  of  aluminum  alloy  6061-T6  were 
coated  with  layers  of  either  Polylube  or 
Tufram  40-/tm-thick.  Disks  were  also  hard- 
anoaized  by  the  Alumilite  process  and  sealed 
in  either  boiling  deionized  water  or  a  1-per- 
cent solution  of  Na2Cr207.  The  disks  were 
exposed  to  solutions  of  3.5  percent  sodium 
chloride  buffered  to  pH  5.5  and  pH  9.5  at 
25  °C.  Both  ac-impedance  and  dc-polariza- 
tion-resistance  methods  were  used  to  deter- 
mine the  rates  and  mechanisms  of  corro- 
sion. 


In  all  cases,  corrosion  was  found  to  be 
more  pronounced  at  pH  5.5  than  at  pH  9.5. 
Corrosion  pits  tended  to  heal  at  the  higher 
pH,  probably  because  corrosion  products 
are  less  soluble  at  that  value. 

The  standard  hard-anodized  coating  was 
found  to  provide  the  greatest  protection.  The 
hard-anodized,  water-sealed  coating  showed 
no  pitting  at  pH  9.5.  Neither  did  the  hard- 
anodized,  dichromate-sealed  coating,  al- 
though the  corrosion  currents  of  this  coating 
were  somewhat  higher.  A  small  amount  of 
pitting  occurred  at  pH  5.5  in  both  water- 
sealed  and  dichromate-sealed  hard-anod- 
ized coatings,  although  they  were  otherwise 
in  good  condition. 

Some  cracking  occurred  in  both  polytet- 
rafluoroethylene-impregnated  anodized 
coatings  at  both  pH  levels.  Tufram,  in  gen- 


eral, protected  more  than  Polylube  did.  The 
greatest  deterioration  occurred  in  Polylube 
coatings  at  pH  5.5. 

This  work  was  done  by  Merlin  D.  Danford 
of  Marshall  Space  Flight  Center  Fur- 
ther information  may  be  found  in  NASA  TM- 
100366  [N89-26079],  Price  Code:  A03 
"The  Corrosion  Protection  of  Aluminum 
by  Various  Anodizing  Treatments." 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone  No. 
(703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling  (800) 
336-4700.  MFS-27229/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240,  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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U.S.  Navy  Fact  Sheet 


A    Naval  Surface  Warfare  Center 

Nondestructive  Inspection  by  Eddy  Current  Methods 
of  Carbon  Fiber  Reinforced  Composites  and  Metals 


The  increased  use  of  carbon  fiber  reinforced  composites  (CFRC)  in  the  Navy  and  aerospace 
industries  has  generated  a  requirement  for  effective  nondestructive  technologies  to  inspect  these 
materials.  Because  the  fibers  are  conductive,  CFRCs  are  amenable  to  inspection  by  eddy  current 
methods.  Furthermore,  eddy  current  methods  are  more  sensitive  to  different  aspects  of  the  material 
and  its  damage  than  are  other  nondestructive  inspection  (NDI)  technologies.  However,  both  the 
electrical  and  the  damage  characteristics  prevent  the  effective  application  of  eddy  current  systems  and 
methods  that  have  been  developed  for  the  NDI  of  metals.  The  four  inventions  each  address  particular 
problems  presented  by  the  unique  characteristics  of  CFRC.  They  are  also  applicable  to  the  NDI  of 
metals. 

The  introduction  includes  a  discussion  of  the  basic  elements  of  an  eddy  current  system  and  the 
effect  of  the  design  of  these  elements  on  the  sensitivity  of  the  system  to  localized  anomalies.  This 
discussion  is  followed  by  a  description  of  the  characteristics  of  CFRC  that  affect  the  design  of  the 
elements  of  the  eddy  current  system.  The  slightly  different  set  of  problems  presented  by  filament 
wound  CFRC  is  also  discussed. 

INVENTIONS 

1.  This  method  and  device  for  measuring  electrical  resistivity  (Susan  N.  Vernon  and  Paul  M. 
Gammell)  is  based  on  the  universal  impedance  curve  associated  with  all  ferrite  pot  core  eddy  current 
probes.  The  method  uses  the  linear  relationship  between  the  tangent  of  the  lift-off  angle  and  a 
reference  number.  The  tangent  of  the  lift-off  angle  is  the  ratio  of  the  change,  caused  by  the  test 
material,  in  the  imaginary  component  of  the  impedance  to  the  change  in  the  real  component.  The 
reference  number  is  the  dimensionless  ratio  of  the  diameter  of  the  ferrite  pot  core  to  the  skin  depth. 
This  method  does  not  require  calibration  standards  and  so  is  useful  in  the  measurement  of  resistivities 
that  fall  in  a  range  where  such  standards  are  not  available.  The  device  provides  accurate  phase 
detection  over  the  necessary  wide  range  of  frequencies. 

2.  This  method  for  measuring  defect  depth  (Susan  N.  Vernon  and  Paul  M.  Gammell)  is  based  on 
the  universal  impedance  curve  of  the  ferrite  pot  core  probe.  It  provides  estimates  of  the  distance 
between  the  scanned  surface  and  subsurface  damage.  This  method  requires  no  calibration  standards 
and  is  particularly  useful  when  the  defects  of  interest  do  not  have  a  "standard"  or  typical  geometry. 

3.  This  is  a  method  for  identifying  the  eddy  current  signature  of  anomalous  conditions  in  a 
material  (particularly  those  occurring  in  CFRC)  and  a  technique  for  accurately  describing  the  size  and 
shape  of  a  fault  (Reed  Valleau  and  Thomas  A.  O.  Gross).  The  identified  conditions  in  CFRC  are  (a) 
thickness  variations,  (b)  variations  in  localized  conductivity  such  as  may  be  associated  with  variations 
in  fiber  volume  fraction,  and  (c)  broken  fiber  damage.  The  resolution  of  the  C-scan  generated 
"image*7  of  the  damage  is  enhanced  by  double  scanning  with  a  C-core  probe. 
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4.  This  device  for  the  inspection  of  materials  by  eddy  current  methods  (Susan  N.  Vernon  and  \ 

Stephen  Lane)  is  particularly  useful  in  the  eddy  current  inspection  of  materials  such  as  filament-wound 
CFRC  that  may  not  have  sufficient  electrical  conductivity  in  off-circumferential  directions  to  permit 
inspection  by  the  use  of  axisymmetric  eddy  current  probes.  A  circumferentially  wound  transmitter  coil 
induces  eddy  current  flow  around  the  circumference  of  the  test  material.  A  discrete  receiver,  such  as  a 
U-shaped  eddy  current  probe,  a  Hall  probe,  or  a  SQUID,  detects  localized  changes  in  eddy  current 
flow  associated  with  anomalous  conditions  in  the  test  material. 


FOR  ADDITIONAL  INFORMATION:  Ramsey  D.  Johnson  (Code  D4),  Naval  Surface  Warfare  Center,  10901 
New  Hampshire  Avenue,  Silver  Spring,  MD  20903-5000;  (301)394-1505. 
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Medicine  &  Biology 


0347  Biocontainment  Facility  for  Synchrotron  X-Ray  Studies 

0348  New  Separator  for  Byproducts 

0349  Cloned  Hemoglobin  Genes  Enhance  Growth  of  Cells — Cells  are 
'infected'  with  oxygen-binding  capability.  (Licensing  Opportunity) 

0350  Environmental  Control  of  a  Genetic  Process — The  concentration  of 
oxygen  controls  the  production  of  hemoglobin.  (Licensing  Opportunity) 


N    H  Federal  laboratory  resource 

Research  &  Technology 

U.S.  Department  of  Health  and  Human  Services    Public  Health  Service    National  Institutes  of  Health 

Biocontainment  Facility  for  Synchrotron  X-Ray 
Studies 


A  new  biological  containment 
facility  at  the  Macromolecular 
Diffraction  Biotechnology  Re- 
source at  Cornell  University  in 
Ithaca,  New  York,  is  the  only 
facility  in  the  world  that  enables 
virus  crystallographers  to  safely 
study  the  structure  of  crystals  of 
hazardous  viruses  using  high- 
intensity  synchrotron  x-ray 
beams. 

X-ray  crystallography  enables 
investigators  to  determine  the 
three-dimensional  structure  of  a 
virus  molecule.  Structural  deter- 
mination of  such  infectious 
agents  as  hepatitis  viruses  and 
poliomyelitis  virus  is  a  key  to 
the  development  of  specific 
antiviral  drugs. 

"The  real  goal  is  rational, 
structure-based  drug  design," 
explains  Dr.  Keith  Moffat,  for- 
merly the  principal  investigator 
and  director  of  the  resource 
who  is  now  at  the  University  of 
Chicago. 

Says  acting  principal  inves- 
tigator Dr.  Donald  Bilderback, 
"If  one  knows  what  the  three- 
dimensional  structure  of  a  virus 
is  then  one  knows  a  lot  about 
how  it  works. 

"People  are  beginning  to 
come  back  to  analyze  crystals  of 
viruses  with  antiviral  drugs 
attached,"  says  Dr.  Bilderback, 
who  is  an  adjunct  professor  of 
applied  and  engineering 
physics  at  Cornell.  "By  deter- 
mining the  composite  structures 
they  will  gain  greater  insight 
into  the  structures  of  drug  bind- 
ing sites  and  will  therefore  be 
able  to  participate  in  rational 
drug  design." 

The  biocontainment  facility, 
which  opened  in  June  1990,  is 
funded  by  the  Biomedical  Re- 
search Technology  Program  of 
the  National  Center  for  Re- 
search Resources.  The  facility  is 
part  of  the  NIH-funded  Mac- 
CHESS  program  that  employs 
synchrotron  radiation  in  the 
study  of  biological  structures. 

The  new  facility  is  a  self- 
( ontained  laboratory  in  which 
crystals  of  hazardous  viruses 


Dr.  Donald  Bilderback  is 
adjusting  an  x-ray  camera  in  the 
new  biocontainment  facility  at 
Cornell  High  Energy  Synchrotron 
Source  at  Cornell  University. 


may  be  safely  prepared  for  x-ray 
analysis.  The  crystals  are  then 
exposed  to  the  ultra-brief  pulses 
of  x-ray  beams  produced  in  the 
Cornell  High  Energy  Syn- 
chrotron Source,  or  CHESS.  The 
addition  of  the  new  biocontain- 
ment facility  is  part  of  a  larger 
expansion  of  the  CHESS  pro- 
gram,   which   is   funded    pri- 
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The  x-ray  diffraction  pattern  of  a 
crystal  of  rhinovirus,  which 
causes  the  common  cold,  shows 
thousands  of  spots.  A  computer 
analysis  of  the  pattern  helped 
scientists  at  Purdue  University  in 
Lafayette,  Indiana,  determine  the 
structure  of  the  virus. 


marily  bv  the  National  Science 
Foundation.  "These  facilities  are 
specially  designed  for  virus 
crystallography,"  says  Dr. 
Bilderback. 

"We  have  embedded  the  en- 
tire x-ray  beam  line  within  a 
biohazard  facility,"  says  Dr. 
Moffat.  "That  is,  we  have 
added  to  the  experimental  floor 
of  this  large  synchrotron  facility 
a  suite  of  rooms  whose  air  han- 
dling system  is  completely  sepa- 
rate from  the  rest  of  the 
building.  Should  there  be  an 
accidental  spill  it  would  be  con- 
tained within  those  rooms." 

"We  have  tried  to  optimize 
the  simultaneous  use  of  an 
intense  synchrotron  radiation 
source,  x-rav  optics,  and  a  pro- 
tein crystal  camera  so  that  these 
work  together  in  the  smoothest 
way  possible,"  says  Dr. 
Bilderback. 

A  synchrotron  x-ray  source  is 
"absolutely  necessary"  to  study 


the  crystal  structure  of  viruses, 
Dr.  Moffat  says.  "Viruses  are 
very  large  objects  by  molecular 
standards,  and  crystals  of  them 
are  composed  of  very  large 
building  blocks,"  he  explains. 
"What  that  means  is  that  the 
collected  x-ray  data  [a  pattern  of 
small  spots  on  an  x-ray  film]  are 
very  closely  spaced.  To  be  able 
to  distinguish  one  spot  from  its 
neighbors  one  must  illuminate 
the  crystal  with  an  extremely 
narrow  and  precisely  parallel 
beam,  and  because  the  virus 
crystals  scatter  X  rays  very 
weakly  one  needs  not  only  a 
very  narrow  beam  but  a  very 
intense  one." 

The  CHESS  X  rays  are  pro- 
duced in  the  Cornell  Electron- 
Positron  Storage  Ring  by  colli- 
sions of  electrons  and  positrons 
that  are  accelerated  in  opposite 
directions.  The  radiation  is  pro- 
duced in  short  bursts  that  last 
only  about  one  ten-billionth  of  a 


second,  Dr.  Moffat  savs.  The 
typical  x-ray  beam  may  have  an 
energy  of  10,000  to  30,000  volts. 

X  rays  will  eventually  destroy 
the  delicate  crystals  of  a  virus, 
but  with  the  rapid-fire  high- 
intensity  pulses  of  synchrotron 
X  rays  the  virus  structure  may 
be  elucidated  before  that  hap- 
pens, according  to  Dr.  Moffat. 

Researchers  have  used  the 
CHESS  synchrotron  x-ray  re- 
source for  structural  studies  of 
such  diverse  viruses  as  human 
cold  viruses  and  several  plant 
viruses.  Investigators  from  Pur- 
due University  in  Indiana  have 
recently  returned  to  Cornell  to 
studv  complexes  of  the  cold 
virus  and  25  different  antiviral 
drugs  after  having  solved  the 
structure  of  the  virus  during  a 
visit  in  1985. 

"The  members  of  the  group 
are  trying  to  determine  the 
three-dimensional  crystal  struc- 
ture of  the  cold  virus  complexed 
with  the  drugs  and  ultimately  to 
correlate  the  structural  informa- 
tion with  the  infectivity  of  the 
virus,"  Dr.  Bilderback  explains. 

Proposals  to  use  the  new  bio- 
hazard facility  for  structural 
studies  of  Coxsackie  and  hepa- 
titis viruses  are  currently  under 
review,  according  to  Dr.  Moffat. 
"Investigators  will  now  start 
thinking  about  working  with 
more  hazardous  viruses  than 
they  have  been  thinking  about 
up  to  this  point,"  says  Dr. 
Bilderback. 

Currently,  approximately  100 
research  groups  involving  about 
400  scientists  use  CHESS  each 
year. 

Use  of  the  MacCHESS  facili- 
ties is  free  to  qualified  research 
teams.  Interested  researchers 
must  first  submit  a  proposal  for 
review  before  being  allocated 
x-ray  beam  time.  Research 
teams  typically  spend  5  to  10 
days  at  Cornell  working  24 
hours  a  day,  Dr.  Moffat  says. 


For  more  information  about  the 
biocontainment  facility  at  the 
Macromolecular  Diffraction  Bio- 
technology Resource  contact: 
Dr.  Donald  Bilderback 
Associate  Director  of  CHESS 
281  Wilson  Laboratory 
Cornell  University 
Ithaca,  New  York  14853 
Telephone:  (607)  255-0916 
or 

Dr.  Boris  Batterman 
Director  of  CHESS 
Telephone:  (607)  255-7163 


Federal  laboratory  resource 


#  NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 


U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 


New  Separator  for  Bioproducts 


NIST  researcher  Thomas  J.  Bruno  has  been  awarded  a  patent  for  a  simple,  automated  product  separator  -  termed 
SEPSOL  -  for  use  in  the  supercritical  fluid  extraction  of  natural  products  from  aqueous  fermentation  broths.  The 
separator  is  expected  to  have  direct  application  to  the  separation  of  beta-carotene  -  a  basic  source  of  vitamin  A  - 
from  a  water  slurry.  About  50  tons  of  beta-carotene  are  produced  annually  with  a  market  value  between  $80  and 
$100  million.  It  is  used  as  a  nutritional  supplement,  a  food  and  drug  colorant,  a  treatment  for  some  skin  disorders, 
and  a  possible  anti-cancer  agent.  If  successful  in  large-scale  operations,  SEPSOL  should  reduce  the  high  cost  of 
beta-carotene,  which  now  averages  $35  a  pound. 

FOR  ADDITIONAL  INFORMATION:  For  licensing  information,  contact  Bruce  Mattson,  A343  Physics  Bldg., 
NIST,  Gaithersburg,  MD  20899.  For  information  on  SEPSOL,  contact  Dr.  Bruno,  Div.  584.03,  NIST,  Boulder,  CO 
80303;  (303)497-5158. 
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Cloned  Hemoglobin  Genes  Enhance  Growth  of  Cells 

Cells  are  "infected"  with  oxygen-binding  capability. 


Experiments  have  shown  that  portable 
deoxyribonucleic  acid  (DNA)  sequences 
can  be  incorporated  into  host  cells  to  make 
them  produce  hemoglobins  —  oxygen- 
binding  proteins  essential  to  the  function  of 
red  blood  cells.  This  biotechnological  feat 
is  accomplished  by  a  recombinant-DNA 
method  that  includes  the  following  essen- 
tial steps: 

•  Preparation  of  part  of  a  gene  or  other 
natural  or  artificial  DNA  sequence  capa- 
ble of  directing  the  host  cell  to  produce 
hemoglobin; 

•  Cloning  the  portable  DNA  sequence  di- 
rectly into  the  host  cell  or  into  a  vector 
(e.g.,  a  plasmid  or  virus)  that  can  be  trans- 
ferred into,  and  be  replicated  in,  the  host 
cell; 

•  Transferring  the  vector  (if  used)  into  the 
host  cell; 

•  Culturing  the  host  cell  under  conditions 
that  favor  the  replication  and  propagation 
of  the  vector  and  the  production  of  the 
hemoglobin;  and 

•  Harvesting  the  protein  and  activating  it  to 
bind  oxygen. 

The  host  cells  used  in  the  experiments 
were  Escherichia  coli  bacteria.  The  port- 
able DNA  sequence  chosen  for  the  experi- 
ments was  part  of  the  genetic  material  of 
the  bacterium  Vitreoscilla,  which  produces 
a  type  of  hemoglobin.  The  vectors  were 
pUCI9/pRED2  and  other  plasmids  of  the  E. 
coli  cells  (see  figure). 

The  vectors  were  chosen  on  the  basis  of 
their  ability  to  cause  the  host  cells  to  ex- 
press the  portable  DNA  sequence.  In  par- 
ticular, a  vector  should  contain  "opera- 
tional elements"  —  DNA  sequences  that 
express  promotion,  regulation,  and  ter- 
mination of  the  production  of  hemoglobin. 
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This  Nucleotide  Sequence  of  the  plasmid 
pUCI9/pRED2  of  E  coli  includes  a  part  from 
Vitreoscilla  that  encodes  the  production  of 
hemoglobin. 

Finally,  DNA  sequences  for  transcription 
and  translation  should  be  present. 

One  set  of  experiments  yielded  recom- 
binant E.  coli  cells  that  included  significant 
amounts  of  hemoglobin,  indicated  by  a 
reddish  tint.  In  another  set  of  experiments, 
the  recombinant  E.  coli  cells  were  found  to 
grow  faster  and  to  a  greater  density  than 
did  unaltered  cells  of  the  same  strain 
grown  under  identical  conditions.  In  a  third 
set  of  experiments,  it  was  observed  that 
the  production  of  hemoglobin  in  the  recom- 
binant cells  decreased  with  an  increase  in 
the  oxygen  content  of  the  culture  medium. 

The  method  should  be  useful  in  several 
biotechnological  applications.  One  is  the 
enhancement  of  growth  of  cells  at  higher 


densities.  Another  is  the  production  of 
hemoglobin  to  enhance  supplies  of  oxygen 
in  cells,  for  use  in  chemical  reactions  that 
require  oxygen,  as  an  additive  to  serum  to 
increase  the  transport  of  oxygen,  and  for 
binding  and  separating  oxygen  from  mix- 
tures of  gases. 

This  work  was  done  by  Chaitan  Khosla 
and  James  E.  Bailey  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title 
to  this  invention.  Inquiries  concerning 
rights  for  its  commercial  use  should  be 
addressed  to 

Edward  An  sell 

Director  of  Patents  and  Licensing 

Mail  Stop  305-6 

California  Institute  of  Technology 

1201  East  California  Boulevard 

Pasadena,  CA  91125 
Refer  to  NP0-17517/TN. 

Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  for  JPL:  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 
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Environmental  Control  of  a  Genetic  Process 

The  concentration  of  oxygen  controls  the  production  of  hemoglobin. 


Experiments  have  shown  that  the  en- 
vironment can  be  manipulated  to  control 
such  genetic  processes  as  the  transcrip- 
tion and  translation  of  DNA  sequences.  In 
particular,  £  coli  bacteria  altered  to  con- 
tain a  DNA  sequence  that  encodes  the 
production  of  hemoglobin  were  made  to 
produce  hemoglobin  at  rates  that  de- 
creased with  increases  in  the  concentra- 
tion of  oxygen  in  the  culture  media.  This 
represents  an  amplification  of  part  of  the 
method  described  in  a  preceding  article, 
"Cloned  Hemoglobin  Genes  Enhance 
Growth  of  Cells". 

Here,  the  emphasis  is  on  some  of  the 
DNA  sequences  that  usually  precede  the 
gene  of  interest  in  a  DNA  polymer.  Among 
these  are  the  "promoter"  sequences, 
which  provide  sites  for  the  initiation  of 
transcription  of  the  gene  into  messenger 
ribonucleic  acid.  Others,  called  "regu- 
lator" sequences,  include  attenuators,  reg- 
ulators, and  enhancers,  which  determine 
the  frequency  or  rate  of  initiation  of  tran- 
scription and/or  translation.  The  combined 
effect  of  all  of  these,  known  collectively  as 
"promoter/regulator"  DNA  sequences,  is 
to  determine  the  extent  of  eventual  expres- 
sion of  the  gene. 

There  is  enormous  variety  in  the  struc- 
tures and  functions  of  promoter/regulator 
sequences.  Functions  can  be  activated  or 
deactivated  by  various  environmental  fac- 
tors, including  changes  in  temperature  and 
the  presence  or  absence  of  various  sub- 
stances. In  this  case,  the  experimenters 


sought  a  promoter/regulator  sequence 
that  would  switch  from  low  to  high  ex- 
pressive activity  at  constant  temperature 
upon  the  reduction  of  the  concentration  of 
oxygen  dissolved  in  the  culture  medium. 
Such  a  promoter/regulator  sequence 
would  be  advantageous  in  a  laboratory  set- 
ting because  it  is  easy  to  reduce  the  level  of 
dissolved  oxygen  at  high  cell  densities, 
without  having  to  add  any  chemicals  to  the 
growth  medium  to  induce  the  expression 
of  genes. 

The  recombinant-DNA  concepts  and 
techniques  used  to  demonstrate  the  ma- 
nipulation of  promoter/regulator  DNA  se- 
quences were  similar  to  those  described  in 
the  preceding  article.  As  before,  DNA  se- 
quences from  Vitreoscilla  (strictly  aerobic 
bacteria  that  live  in  oxygen-poor  environ- 
ments) were  implanted  in  the  £  coli  bac- 
teria via  plasmid  vectors.  The  "upstream" 
(in  a  genetic  sense)  promoter/regulator  se- 
quence was  fused  with  a  "downstream" 
sequence  that  encodes  hemoglobin. 

The  manipulation  of  promoter/regulator 
DNA  sequences  opens  a  promising  new 
subfield  of  recombinant-DNA  technology 
for  the  environmental  control  of  the  ex- 
pression of  selected  DNA  sequences. 
New  recombinant-DNA  fusion  gene  prod- 
ucts, expression  vectors,  and  nucleotide- 
base  sequences  will  emerge.  Likely  appli- 
cations for  this  new  technology  include 
such  aerobic  processes  as  the  manufac- 
ture of  cloned  proteins  and  synthesis  of 
metabolites,  the  production  of  chemicals 


by  fermentation,  enzymatic  degradation, 
the  treatment  of  wastes,  brewing,  and  a 
variety  of  oxidative  chemical  reactions. 

This  work  was  done  by  Chaitan  Khosla 
and  James  E.  Bailey  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title 
to  this  invention.  Inquiries  concerning 
rights  for  its  commercial  use  should  be 
addressed  to 

Edward  Ansel  I 

Director  of  Patents  and  Licensing 

Mail  Stop  305-6 

California  Institute  of  Technology 

1201  East  California  Boulevard 

Pasadena,  CA  91125 
Refer  to  NPO-17576/TN. 

Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  for  JPL:  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 
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U.S.  Department  of  Agriculture 


Aerial  Videos  for  Agriculture  Remote  Sensing 


A  new  airborne  video  system  could  pave  the  way  for 
faster  action  against  crop  and  range  pests.   So  far,  research- 
ers can  use  the  videotapes  to  reveal  more  than  a  dozen  crop 
conditions  such  as  sooty  mold  on  citrus,  chlorosis  on  grain 
sorghum,  soil  salinity,  rice  borers  in  sugar  cane,  nitrogen 
deficiency  and  crop  vigor.  Private  consultants  could  soon 
offer  such  tapes  to  farmers  and  ranchers  to  supply  informa- 
tion faster  and  cheaper  than  aerial  photos  and  satellite  data. 
Videos  are  made  by  three  synchronized  cameras.  Each  is 


equipped  with  a  different  narrow-band  filter:  red,  yellow- 
green  or  near  infrared.  On  a  plane  flying  at  3,000  to 
12,500  feet,  the  images  are  fed  separately  into  three  Super- 
VHS  recorders  while  a  fourth  recorder  gets  a  composite, 
color-infrared  image.  On  the  ground,  freeze-frame  color 
images  can  be  converted  to  digital  data  for  computer 
analysis. 

Remote  Sensing  Research,  Weslaco,  TX 

James  H.  Everitt,  (512)  968-5533 
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Method  for  Rapidly  Detecting  Subterranean  Tunnels 
by  Detecting  a  Non-Null  Value  of  a  Resultant 
Horizontal  Magnetic  Field  Component 


A  method  has  been  developed  for  detecting  tunnels,  voids,  or  anomalies  beneath  the 
earth's  surface.    In  this  invention,  two  magnetic  fields  are  established  by  an  oscillator 
coupling  a  current  into  two  parallel  conductors  laid  out  horizontally  on  the  earth's 
surface.   Magnetic  field  measurements  are  made  along  a  center  line  between  the 
parallel  wires  on  the  long  sides  of  the  loop.   The  presence  of  a  subterranean  anomaly 
distorts  the  magnetic  fields  and  causes  an  increase  in  the  measured  magnetic  field. 
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STAGE  OF  DEVELOPMENT 

The  method  has  been  experimentally  verified  in  hardware. 

APPLICATIONS 

This  method  has  applications  in  the  area  of  geologic  survey  and  tunnel  detection. 

PATENT  STATUS 

United  States  Patent  Number  4,393,350  12  Jul  1983. 

PUBLICATIONS 

This  was  a  spinoff  of  other  work.  There  are  no  separate  publications.   The  detailed 
analysis  is  included  in  the  patent  disclosure. 

ADDITIONAL  INFORMATION 

Dr.  Peder  Hansen,  Code  832,  Naval  Ocean  Systems  Center,  San  Diego,  CA 
92152-5000.  Telephone  (619)  553-4197. 
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Global  Reference  Atmosphere  Model-1988 

A  composite  empirical  mathematical  model  gives 
pressures,  densities,  temperatures,  and  winds. 

The  Four-D  Global  Reference  Atmosphere  computer  program 
(GRAM)  was  developed  from  an  empirical  mathematical  model  of 
the  atmosphere  that  generates  values  for  pressure,  density,  tem- 
perature, and  winds  from  the  surface  level  to  orbital  altitudes.  This 
program  can  generate  altitude  profiles  of  parameters  of  the  at- 
mosphere along  any  simulated  trajectory  through  the  atmos- 
phere. The  program  was  developed  from  design  applications  in 
the  Space  Shuttle  program;  for  example,  the  simulation  of  reentry 
trajectories  for  the  external  tanks.  Other  potential  applications 
include  studies  of  global  circulation  and  diffusion  and  the  genera- 
tion of  profiles  for  comparison  with  results  of  other  atmospheric- 
measurement  techniques  such  as  satellite-measured  tempera- 
ture profiles  and  wind  profiles  from  infrasonic  measurements. 

GRAM-88  is  the  latest  version  of  the  GRAM  software.  The 
GRAM-88  software  contains  a  number  of  changes  that  have 
improved  the  model  statistics;  in  particular,  the  small-scale- 
density-perturbation  statistics.  It  also  corrected  a  low  latitude  grid 
problem  as  well  as  the  SCIDAT  data  base.  Furthermore,  GRAM- 
88  now  uses  the  1976  U.S.  Standard  Atmosphere  as  a  compari- 
son standard  rather  than  the  US62  used  in  other  versions. 

The  program  is  based  on  an  amalgamation  of  two  empirical 
mathematical  models  for  the  low  (27  km)  and  the  high  (90  km) 
atmosphere,  with  a  newly  developed  latitude-and  longitude-de- 
pendent model  for  the  middle  atmosphere.  The  Jacchia  (1970) 
model  simulates  the  high  atmospheric  region  above  1 1 5  km.  The 
Jacchia  sections  of  the  program  are  in  separate  subroutines 
so  that  other  thermospheric  exospheric 
models  could  easily  be  adapted  if  required 
for  special  applications.  The  improved 
code  eliminated  the  calculation  of  geo- 
strophic  winds  above  125  km  altitude  from 
the  model.  The  region  of  the  atmosphere 
between  30  km  and  90  km  is  simulated  by 
a  latitude-  and  longitude-dependent  em- 
pirically modified  version  of  the  latitude- 
dependent  empirical  model  of  Groves 
(1971).  A  fairing  technique  between  90  km 
and  115  km  accomplished  a  smooth  transi- 
tion between  the  modified  Groves  values 
and  the  Jacchia  values. 

Below  25  km,  the  parameters  of  the  at- 
mosphere are  computed  by  the  four-di- 


mensional worldwide  model  of  the  atmos- 
phere devised  by  Spiegler  and  Fowler 
(1972).  This  set  of  data  is  not  included. 
GRAM-88  incorporates  a  hydrostatic/gas- 
law  check  in  the  altitude  range  of  0  to  30 
km  to  flag  and  change  any  bad  data  points. 
Between  5  km  and  30  km,  an  interpolation 
scheme  is  used  between  the  results  of  the 
four-dimensional  model  and  the  modified 
Groves  values.  The  output  parameters 
consist  of  components  for  (1)  latitude-, 
longitude-,  and  altitude-dependent  monthly 
and  annual  means;  (2)  quasi-biennial  oscil- 
lations (QBO);  and  (3)  random  perturba- 
tions to  simulate  partially  the  variability  due 
to  synoptic,  diurnal,  planetary-wave,  and 
gravity-wave  variations.  Quasi-biennial  and 
random-variation  perturbations  are  com- 
puted from  parameters  determined  by  var- 
ious empirical  studies  and  are  added  to  the 
monthly  mean  values. 

The  GRAM-88  program  is  intended  for 
batch  execution  on  the  IBM  3084  comput- 
er. It  is  written  in  STANDARD  FORTRAN  77 
under  the  MVS/XA  operating  system.  The 
IBM  DISPLA  graphics  routines  are  neces- 
sary for  graphical  output.  The  program  was 
developed  in  1988. 

This  program   was   written  by  D.L 
Johnson  and  Rhonda  Blocker  of  Marshall 
Space  Flight  Center  and  C.G.  Justus  of 
Georgia  Institute  of  Technology. 
MFS-28397/TN 

FOR  ADDITIONAL  INFORMATION 
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Technology  Application 

Lawrence  Berkeley  Laboratory 

Promising  New  Methane  Conversion  Process  Found 

Scientists  with  the  Lawrence  Berkeley  Laboratory  have  identified  catalysts  and  operating  conditions  that  can 
convert  methane,  the  primary  constituent  of  natural  gas,  to  ethylene,  propylene,  and  other  valuable  hydrocarbons 
without  the  production  of  unwanted  carbon  dioxide.  A  commercial  process  that  can  achieve  such  a  conversion  has 
been  a  long  sought  goal  in  energy  research. 

The  scientists,  who  work  at  LBL's  Center  for  Advanced  Materials  (CAM),  used  a  ternary  mixture  of  calcium, 
nickel,  and  potassium  oxide  as  a  catalyst,  and  operated  at  a  temperature  of  about  600  degrees  Celsius  in  the 
presence  of  steam.  When  methane  and  oxygen  were  passed  over  the  catalyst,  about  10  to  12  percent  of  the  methane 
was  converted  to  a  product  that  was  nearly  all  higher  paraffin  and  olefin  hydrocarbons.  Members  of  the  team  were 
chemists  Heinz  Heinemann,  Pedro  Pereira,  a  visiting  scientist  from  Venezuela,  and  Gabor  Somorjai,  who  also 
heads  CAM's  catalysis  research  effort. 

The  problem  with  existing  conversion  proposals  is  that  more  than  a  third  of  what  comes  out  of  the  reaction  is 
carbon  dioxide,  the  chief  contributor  to  global  warming  and  the  greenhouse  effect. 

"Where  our  work  differs  is  that  we  operate  at  a  much  lower  temperature  than  the  750  to  850  degrees  Celsius 
operational  temperatures  of  previous  methods,"  says  Heinemann.  "Also,  we  operate  in  the  presence  of  steam, 
which  no  one  else  has  done." 

Steam  is  vital  to  the  success  of  their  conversion,  Heinemann  says.  If  an  inert  gas,  such  as  helium,  is  substituted  for 
steam,  a  much  lower  yield  of  desired  hydrocarbons  results.  There  is  evidence  to  suggest  mat  the  deposition  of 
carbon  on  the  catalyst  early  in  the  operation  also  plays  a  role. 

Says  Heinemann,  "It  is  obvious  that  what  we  do  is  following  a  different  chemical  mechanism  than  previous 
techniques.  Ours  appears  to  be  a  surface  reaction  rather  than  the  conventional  gas  phase  free  radical  mechanism, 
which  is  why  we  don't  produce  carbon  dioxide." 

The  absence  of  carbon  dioxide  in  the  reaction  product  means  a  reduction  in  the  consumption  of  oxygen,  the  most 
costly  ingredient  in  the  operation.  It  also  means  that  the  unconverted  methane  can  be  recycled  without  having  to 
employ  expensive  carbon  dioxide  scrubbing  procedures. 

Heinemann  and  his  colleagues  are  now  investigating  the  chemical  mechanisms  behind  their  conversion  technique 
in  the  hope  that  a  better  understanding  of  the  chemistry  will  enable  them  to  increase  the  conversion  rate  of  the 
methane  and  better  control  which  hydrocarbon  products  they  obtain. 

"Slight  variations  in  catalyst  preparations  have  led  to  materials  exhibiting  different  activities  and  selcctivities,"  says 
Heinemann.  "After  we  made  our  first  good  catalyst,  it  took  us  several  months  to  make  a  second.  We  now  follow  a 
well-defined  preparation  procedure." 

The  idea  of  using  steam  in  combination  with  oxygen  to  convert  methane  into  hydrocarbons  derived  from 
Heincmann's  long-time  study  of  the  catalytic  gasification  of  coal  and  charcoal  in  the  presence  of  steam. 

However,  Heinemann  does  offer  a  caution.  "It  is  my  opinion  that  a  great  deal  of  work  will  have  to  be  done  on  the 
variables,  such  as  catalyst  composition  and  the  preparation  necessary  to  maintain  the  catalyst's  capabilities,  before 
we  will  know  if  we  have  a  commercially  viable  catalytic  process.  What  we  have  at  the  moment  is  a  potential 
process." 

FOR  ADDITIONAL  INFORMATION:  Public  Information  Department,  ATTN:  Lynn  Yarns,  Lawrence  Berkeley 
Laboratory,  Berkeley,  CA  94720;  Telephone  (415)486-5375. 
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Monolithic  Unidirectional  Planar  Ring  Laser 

Operation  would  be  based  on  induced  birefringence  of  the  stressed  laser  medium. 


Unidirectional  operation  of  a  ring  laser 
is  made  possible  by  polarization-depend- 
ent differential  loss  induced  by  some  com- 
bination of  reciprocal  and  nonreciprocal 
polarization  effects.  For  each  direction  of 
propagation  around  a  ring,  there  are  two 
possible  eigenpolarizations.  Since  there 
are  two  directions  of  propagation,  there  are 
four  eigenpolarizations  to  consider.  Accord- 
ing to  one  concept  for  a  unidirectional  ring 
laser,  the  eigenpolarizations  would  be  sort- 
ed according  to  the  round-trip  loss  associ- 
ated with  each  one.  In  general,  the  four 
eigenpolarizations  can  have  four  different 
associated  losses.  Considering  only  the 
low-loss  eigenpolarization  for  each  direc- 
tion of  propagation,  unidirectional  opera- 
tion of  the  laser  becomes  possible  if  the 
difference  between  the  losses  of  the  low- 
loss  eigenpolarizations  for  the  two  direc- 
tions of  propagation  is  made  sufficiently 
large. 

This  concept  arises  from  the  theoretical 
analysis  of  the  monolithic  unidirectional 
nonplanar  ring  laser  described  in  the  pre- 
ceding article,  "Monolithic  Unidirectional 
Nonplanar  Ring  Laser"  (LAR-14146).  The 
analysis  proves  that,  for  an  optically  iso- 
tropic laser  medium,  stable  unidirectional 
operation  of  a  monolithic  ring  laser  is  pos- 
sible only  if  the  ring  path  is  nonplanar  and 
a  sufficiently  large  magnetic  field  is  applied 
to  the  laser  medium.  The  new  concept  cir- 
cumvents the  previous  analysis  by  break- 
ing the  optical  isotropy  of  the  laser  medium 
by  applying  stress. 


To  establish  unidirectional  operation  of 
a  monolithic  planar  ring  laser,  there  would 
be  a  three-bounce  ring  path  in  which  two 
of  the  bounces  would  be  total  internal  re- 
flections and  the  third  would  be  an  oblique 
reflection  from  a  multilayer  dielectric-coat- 
ed spherical  surface.  The  multilayer  mir- 
ror bounce  would  act  as  a  partial  polarizer, 
the  principal  axes  of  which  would  be  par- 
allel and  perpendicular  to  the  plane  of  in- 
cidence. An  external  magnetic  field  applied 
to  the  laser  medium  would  cause  non- 
reciprocal  Faraday  rotation  for  propagation 
along  any  segment  of  the  optical  path  that 
is  not  perpendicular  to  the  applied  field. 

With  principal  axes  that  are  rotated  with 
respect  to  those  of  the  output  coupler, 
stress  would  be  applied  to  the  laser  me- 
dium. The  stress  would  create  birefring- 
ence in  the  previously  optically  isotropic 
medium.  Since  the  axes  of  the  stress 
would  be  rotated  with  respect  to  those  of 
the  output  coupler,  the  medium  would  act 
as  a  reciprocal  wave  plate.  For  simplicity, 
if  the  laser  medium  were  in  the  shape  of 
a  rod,  the  stress  would  be  applied  by 
squeezing  the  rod  between  diametrically 
opposite  contact  lines. 

This  concept  provides  the  essential  ele- 
ments required  to  produce  differential  loss 
between  the  two  directions  of  propagation. 
The  reciprocal  polarization  effect  would  be 
produced  by  the  induced  birefringence  of 
the  stressed  laser  medium.  The  nonre- 
ciprocal polarization  effect  would  be  the 
Faraday  rotation.  The  differential  loss  would 


be  caused  by  the  partial  polarization  that 
would  occur  upon  reflection  from  the  mul- 
tilayer dielectric  coating. 

The  frequency  of  the  planar  ring  laser 
could  be  adjusted  by  varying  the  magni- 
tude of  the  applied  stress,  the  magnetic 
field,  or  both.  The  laser  could  also  be  tuned 
by  varying  the  temperature  of  the  laser 
medium.  The  concept  applies  to  any  in- 
itially optically  isotropic  material  that  has 
a  nonzero  Verdet  constant,  such  as  neo- 
dymium:yttrium  aluminum  garnet  (Nd: 
YAG),  neodymium:gadolinium  gallium 
garnet  (Nd:GGG),  or  Nd:glass.  Since  unidi- 
rectional lasers  can  have  spectra  narrower 
than  those  of  bidirectional  lasers,  they 
could  have  significant  potential  for  use  in 
metrology  and  spectroscopy. 

This  work  was  done  by  Alan  C  Nilsson 
and  Robert  L  Byer  of  Stanford  University 
for  Langley  Research  Center.  No  further       \ 
documentation  is  available. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title 
to  this  invention.  Inquiries  concerning 
rights  for  its  commercial  use  should  be  ad- 
dressed to 

Mr.  Jon  Sandelin 

Office  of  Technology  Licensing 

Stanford  University 

857  Serra  St.,  2nd  Floor 

Stanford,  CA  94305-6225 
Refer  to  LAR-14045/TN. 

Langley  Research  Ctr. 

Technology  Utilization 
Officer:  John  Samos 
Mail  Stop  139A 
Hampton,  VA  23665 
(804)  864-2484 
Patent  Counsel: 
George  F,  Helfrich 
Mail  Code  279 
Hampton,  VA  23665 
(804)  864-3523 
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BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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Technology  Application 


Ames  Laboratory 


ACED:  New  Concept  for  Measuring  Molecular  Mass 


An  Ames  Laboratory  chemist  has  developed  a  new  concept  of  mass  spectrometry  that  opens  the  door  to  simpler 
and  less  costly  instrumentation  for  characterizing  molecular  mass  and  structure.  It  is  designed  to  differentiate 
between  molecules  with  very  similar  masses  and  to  allow  the  observation  of  molecules  that  are  "speciated"  (located 
together  on  the  surface  of  the  molecule).  The  concept,  named  ACED  (Atomically  Co-Excited  Desorption),  is 
particularly  promising  as  a  means  of  characterizing  peptides  and  other  solid  specimens  commonly  encountered  in 
biomedical  research. 

ACED  makes  two  radical  departures  from  long-held  concepts  in  mass  spectrometric  instrument  design.  First,  the 
particles-per-second  rate  for  bombarding  a  sample  with  ion  projectiles  is  reduced  by  about  a  factor  of  a  million. 
When  the  projectiles  hit  the  target,  they  impart  their  energy  to  molecules  in  the  sample,  which  in  turn  become 
electronically  charged  and  leave  the  surface  of  the  sample.  But  because  ACED  allows  fewer  particles  per  second 
to  hit  the  specimen,  fewer  particles  per  second  are  ejected.  This  makes  it  possible  to  accurately  measure  the  arrival 
times  of  several  charged  molecules  ejected  by  a  single  projectile  atom.  These  "speciated"  molecule  ions  arrive  in 
pairs  or  triplets  and  their  mass  is  deduced  by  calibrating  the  instrument  with  known  samples. 

A  second  difference  is  that  instead  of  using  ion  projectiles  of  high  energy  (millions  of  electron  volts)  to  bombard  a 
sample,  ACED  is  accomplished  with  continuously  produced  ion  projectiles  carrying  relatively  low  (kilo- 
electronvolts)  levels  of  energy.  High  energy  particles  hit  a  target  with  so  much  impact  and  energy  that  ejection  of 
charged  particles  is  sometimes  delayed.  But  when  a  relatively  low  energy  projectile  strikes  the  specimen,  charged 
particles  are  ejected  immediately;  ACED  thus  allows  high  time  resolution. 

ACED  is  accomplished  with  an  instrument  system  that  is  markedly  simpler  and  less  costly  than  that  needed  by 
most  other  MS  techniques.  A  cesium  ion  gun  continuously  produces  ions;  the  ejected  (secondary)  charged  particles 
are  accelerated  along  a  linear  path  to  a  plate  detector  located  about  1  meter  from  the  ion  source.  The  data  are  also 
amenable  to  computer  analysis  and  can  be  interpreted  directly  by  a  research  scientist  without  a  background  in  mass 
spectrometry.  The  Ames  scientists  have  tested  the  system  with  specimens  of  alkali  halides  and  peptides,  and  have 
obtained  good  correlation  to  other  mass  spectrometry  data,  as  well  as  new  information  about  codesorbed  ion 
species. 

Literature:  R.  J.  Conzemius,  D.  W.  Carr,  J.  Homer,  and  A.  E.  Baetz,  "Mass  Difference  Spectrometry,"  Proc.  of  the 
38th  ASMS  Conference  on  Mass  Spectrometry  and  Allied  Topics,  Tucson,  AZ,  June  1990. 

Patent/License  Status:  U.S.  Patent  No.  4,818,862,  licensed  to  RESIFT  of  Ames,  IA. 

Potential  Applications/Spinoffs:  Biomedical  analysis  of  peptides,  amino  acids  and  other  solid  specimens. 

FOR  ADDITIONAL  INFORMATION:  Contact  Daniel  E.  Williams,  Office  of  Research  and  Technology 
Application,  Ames  Laboratory,  119  Office  and  Laboratory,  Iowa  State  University,  Ames,  IA  50011;  (515)294- 
2635. 
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(WNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

Lyndon  B.  Johnson  Space  Center,  Houston,  Texsas 


Two  Radiative/Thermochemical  Instruments 

Measurements  of  absorption  and  emission  complement  thermal  measurements. 


Two  laboratory  instruments  for  research 
in  combustion  and  pyrolysis  are  equipped 
for  radiative  as  well  as  thermal  measure- 
ments. One  instrument  is  essentially  a  differ- 
ential scanning  calorimeter  (DSC)  modified 
to  detect  radiation  emitted  by  flames.  It  pro- 
vides means  to  evaluate  the  limits  of  flam- 
mability  of  materials  that  exhibit  exothermic 
reactions  in  DSC's.  The  other  instrument  is 
used  to  determine  the  pyrolysis  properties 
of  specimens  exposed  to  various  gases  by 
measurement  of  infrared  absorption  spec- 
tra of  the  pyrolysis  products. 

The  first  mentioned  instrument  is  illustrat- 
ed schematically  in  Figure  1.  A  light  pipe 
made  of  fused  silica  fibers  or  a  sapphire  rod 
conducts  light  from  a  hole  in  the  DSC  lid 
to  a  photodiode.  A  gap  between  the  end  of 
the  light  pipe  and  the  lid  permits  the  vent- 
ing of  the  combustion  products.  The  flow 
of  the  reactant  gas  (e.g.,  oxygen)  through 
the  chamber  is  regulated  by  a  mass-flow 
controller.  The  version  shown  here  operates 
at  atmospheric  pressure,  but  a  high-pressure 
DSC  housing  could  also  be  modified  to  ac- 
commodate the  light  pipe. 

In  operation,  the  photodiode  detects  the 
infrared  and/or  visible  light  emitted  by  the 


burning  of  the  specimen  in  the  reactant  gas. 
The  output  of  the  photodiode  is  amplified, 
recorded,  and  correlated  with  the  thermal 
data  from  the  DSC.  The  photometric  detec- 
tion of  the  flames,  coupled  with  the  detec- 
tion of  an  exothermic  reaction  by  the  DSC, 
provides  an  indication  of  the  threshold  of 
flammability  of  the  specimen. 

The  second  mentioned  instrument  is  il- 
lustrated schematically  in  Figure  2.  It  is  based 
on  an  instrument  designed  to  measure  the 
autoignition  temperature  of  the  specimen 
in  the  reactant  gas.  The  specimen  is  placed 
in  a  sample  boat  in  a  quartz  tube  near  the 
center  of  a  tube  furnace.  A  thermocouple 
measures  the  temperature  of  the  specimen. 
As  in  the  first  mentioned  instrument,  a  mass- 
flow  controller  regulates  the  flow  of  react- 
ant gas.  The  pyrolysis  products  flow  through 
a  quartz  tube  to  an  optical-beam  test  cell, 
the  end  windows  of  which  are  transparent 
in  the  infrared.  Infrared  radiation  of  known 
spectrum  is  transmitted  through  the  test  cell 
and  into  an  infrared-absorption  spectral  ana- 
lyzer. The  reaction  can  also  be  monitored 
visually. 

During  operation,  the  temperature  in  the 
tube  furnace  is  increased  gradually  while 


the  infrared  absorption  spectrum  of  the  gas 
in  the  test  cell  is  monitored  for  spectral  in- 
dications of  pyrolysis  products.  By  measur- 
ing the  intensities  of  the  spectral  absorp- 
tion bands  (and,  thereby,  the  concentrations) 
of  the  pyrolysis  products  as  functions  of  the 
temperature  of  the  specimen  and/or  of  time, 
one  can  determine  such  pyrolysis  proper- 
ties of  specimens  as  decomposition  thresh- 
olds and  autoignition  temperatures. 

This  work  was  done  by  Ralph  M.  Tap- 
phorn,  Dwight  D.  Janoff,  and  Richard  M. 
Shelley  of  Lockheed  Engineering  and 
Sciences  Corp.  for  Johnson  Space 
Center.         MSC-21639/MSC-21640/TN 


Infrared-Absorption 
Spectral  Analyzer 
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Reactant 
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Figure  1.  A  Differential  Scanning  Calorimeter  is  augmented  with  a 
photodiode  and  associated  circuitry  to  measure  light  emitted  by  burning 
specimens. 

Figure  2  Pyrolysis  Products  from  the  heated  specimen  are  analyzed 
by  absorption  of  infrared  radiation  in  the  optical-beam  test  cell. 
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0358  Dye  Tracing  of  Flow  on  Forebody  of  Airplane — Results  are  similar  to 
those  of  wind-tunnel  oil  flows. 

0359  Navy  Develops  New  Autonomous  Aircraft 


< 


IWNSATech  Brief 


National  Aeronautics  and 
Space  Administration 


Dye  Tracing  of  Flow  on 
Forebody  of  Airplane 

Results  are  similar  to  those  of 
wind-tunnel  oil  flows. 

A  report  describes  experiments  in 
which  flows  over  the  forebody  of  an  F-18 
airplane  were  visualized  by  emitting  a  I  iquid 
containing  a  dye  from  orifices  on  the  fore- 
body.  In  this  method,  the  liquid  flows  along 
the  body  and  evaporates,  leaving  behind 
lines  of  dye  that  mark  the  streamlines  and 
can  be  photographed  after  the  test  flight. 
This  method  was  used  because  it  was 
desired  to  visualize  the  flow  at  high  angles 
of  attack,  at  which  the  F-18  becomes 
laterally  unstable  and  at  which  it  could, 
therefore,  be  unsafe  to  photograph  a 
tracer  flow  from  a  nearby  chase  airplane. 

Dye  lines  representing  the  separation 
and  reattachment  of  vortexes  were  iden- 
tified at  angles  of  attack  from  19°  to  47° 
The  angles  of  flow  along  the  surface  at  the 
90°  and  270°  meridians  showed  excellent 


agreement  with  those  of  a  previous  experi- 
ment in  which  the  flow  along  an  ogive  hav- 
ing an  aspect  ratio  of  3.5  (a  shape  similar  to 
that  of  the  forebody)  was  visualized  by  the 
oil-flow  method  in  a  wind  tunnel. 

The  locations  of  the  lines  of  separation 
and  reattachment  on  the  forebody  looked 
qualitatively  similar  to  those  produced  by 
the  oil-flow  method  in  a  wind  tunnel  on  a 
16-percent-scale  model  of  the  F-18.  How- 
ever, the  laminar-separation  bubble  and 
the  boundary-layer  transition  that  were 
seen  on  model  were  not  evident  on  the  real 
forebody  after  flight. 

The  locations  of  the  lines  of  separation 
and  reattachment  on  the  real  forebody 
agreed  fairly  well  with  those  of  the  ogive  ex- 
periment. The  elliptical  cross  section  of  the 
forebody  caused  the  primary  lines  of  sepa- 


ration to  move  toward  the  leeward  merid- 
ian. Within  the  range  of  angle  of  attack 
tested,  the  angle  of  attack  had  little  effect 
on  the  positions  of  the  lines  of  separation. 

This  work  was  done  by  David  F  Fisher, 
of  Ames  Research  Center,  David  M. 
Richwine  of  PRC  System  Services,  and 
Daniel  W.  Banks  of  Langley  Research 
Center.  Further  information  may  be  found 
in  NASA  TM-100436  [N88-21127],  Price 
Code:  A03  "Surface  Flow  Visualization  of 
Separated  Flows  on  the  Forebody  of  an 
F-18  Aircraft  and  Wind-Tunnel  Model." 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone  No. 
(703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling  (800) 
336-4700.  ARC-12237TN 
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Navy  Develops  New  Autonomous  Aircraft 


NAVY 


Figure  1.  LAURA 
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The  Naval  Research 
Laboratory  (NRL),  Washington, 
D.C.,  has  developed  a  new 
unmanned  aircraft  called  LAURA 
(low  altitude/airspeed  unmanned 
aircraft).  LAURA  is  a  five-year 
program,  funded  by  the  Office  of 
Naval  Technology  (ONT),  to 
address  the  need  for  an 
autonomous  plane  to  carry 
electronic  warfare  (EW)  payloads 
for  long  flight  endurance  at 
shiplike  speeds. 

The  aerodynamic  research 
involved  in  developing  LAURA 
required  the  plane  to  be  as  small  as 
possible  and  to  fly  as  slowly  as 
possible  over  long  periods  of  time. 


Ideally,  the  plane  could  match  or 
complement  a  ship's  speed  and 
path,  cruising  for  example  for  20 
hours  at  approximately  20  knots. 
The  design  required  a  high  lift  and 
low  drag  at  a  low  Reynolds 
Number  (the  aerodynamic  ratio  of 
the  momentum  in  a  moving  fluid 
or  air  divided  by  its  viscosity).  One 
unique  aspect  of  LAURA  is  that, 
unlike  other  aircraft,  LAURA 
takes  off  and  lands  faster  than  it 
flies. 

LAURA  (Figure  1)  can  launch, 
land,  and  fly  itself.  It  can  carry 
reconnaissance,  radio  link,  or 
other  electronic  payloads  that  need 
to  be  carried  off-board  ship,  and 
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move  with  the  Fleet.  Although 
LAURA  is  an  instrument  carrier 
for  flight  research,  it  was  also 
designed  to  meet  the  tactical 
requirements  of  being  stored  on- 
board ship  and  launched  out  of  a 
small  container.  LAURA  has 
exceptionally  good  flight 
performance  despite  its  special 
constrained  package. 


For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

Code  E211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  150901/TN 
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